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FOREWORD

This reporl wos prepared by the Martin Marietta Corporation
under Contract NAS10-5935 "Cleanliness Level Requirements for FPneu-
matlc and Hydraulic Components - Service Arm System, Complax 39"
for the J. ¥, Kennedy Space Center of the National Aeronautlcs
and Space Adwinistration., The work was adminilslered undex the
Taechnical Direction of the Design Engineering Directorate, Mechan-
Lcal Systems Divieion, of the .. F. Kennedy Spacc Centor with M.
James R. McBee acting as projecl manager,

Notice

Commercial names as used herein are for ease of identification
only; their mention does not constitute endorsement by the authoxs
or any government agency.
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ABSTRACT

This report describes the effort accomplished, hoth analytical
and experimental, under Contract NAS10-~5935 to determine the mini-
mum cleanliness levels required for the pneumatic and hydraulic
gyatems on the Launch Complex 39 Service Arma, The study encom-
passed an In-depth system review, a critical analysis of cowponents
with respect to contamination, a 1iterature/industry scarch to
compile pertinent duta and experience, and a test program to dem-
onstrate component functional compliance versus contamination,
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1. INTRODUCTION

The primary purpose of the study conducted under this contract
was to determine, by analysis and testing, the minimum levels of
cleanliness that would permit the Launch Complex 39 Service Arm
Control Systems to meet all functional and reliability require-
ments,

The cleanliness levels specified fox the service arm systems
were originally based upon the best judgment of the system desipgn-
cxs, and as a result of subscquent launch operations cxperience
all indications were that they were unnecessarily stringent.  Con-
gldcrahle expense is Involved in cleaning system components o
these levels, in addition to other indirect costs associated with
logistics, inspection, maintenance, and delays in test operations,
It was therefore desirable to reduce these costs if possibla,

The objectives of this program were accomplished in four phascs:

(1) an in-depth review of the system, (2) a critical analysis of
components with respect to contamination, (3) a literaturc/indus-
try search to compile pertinent data and experience, and (4) a

test program to demonstrate component compliance versus contami=-
nation. This final report describes the work performed in cach
phase of the program, together with all findings, test data, and
conclusions.

The sccondary purpose of the study was to derive basic data
contributing to the general body of information on part cleanli-
ness requirements. In addition to the data contained in this fi-
nal report, a separate handbook was prepared as part of the con-
tract requirements. The Contamination Control Handbook for Ground
Fluid Systems, Martin Marietta report number MCR-69-485, was pre-
pared as a guideline of contamination control practices for those
persons engaged in the design of aerospace ground hydraulic and
pneumatic systems.

I-1
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11, CONCLUSIONS AND. RECOMMENDATLONS

A, CONCLUSIONS

At the completion of the study for cleankiness level requires
ments, the following conclusion was formulateds:

1) Cleanliness lovels on the scervice arm systems can be
reducod with no degradation in performance,  The pro-
posed levels arve deseribed dn detadl in Chapter II,
B, 1

2) The data collected during the study was documentued
in the lotm of a contamination contral handbook as
a gulde for futurc design and operation ol hydraulic
and pneumatic systoems,

The study was conducted in three phases and the conclusion is
based upon the results obtained, The primary results of each
phase of the study are discussed below,

A thorough evaluation of the system and its components was
conducted to determine the system criticality and component sen-
sitivity to contamination, Although many components are eritical
to the service arm performance, they are relatively insensitive
to contamination, Fifteen specilic recommendations concerning
the service arm system and components arce discussed fn turther
detail in Section B, Rccommendations.

A contamination test was conducted on 17 service arm compo-
nents that were determined to be sensitive to contamination.
Contamination, in excess of the recommended cleanliness levels,
was purposcly injected into the system to measure component pers
formance in a highly contaminated system, The test components
were procured in a commereial clean condition, All of the com-
ponents, except one, operated properly throughout all tests with
no degradation caused by contamination, The 75M08829 prussurc
regulator proved to be extremely sensitive to contamination., The
cleanliness levels recommended in this study have one reservations
four regulators in the scrvice arm systems must be protected by
additional filtration.
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The literature search revealed that many systems, similar to
the service arm systems, are belng successfully operated on less
stringent cleanliness lovels, Less stringent cleanlincss lovels
should produce substantial cost savings Iin future procurcment and
operation ol the gorvice arm systems, Gleaning costs for the
gsurvice arm components range up ko 189% of the basc component
corts., The relaxed cleanliness levels In Scetion B, 1 are less
stringent than the present lovels and approach commercial ~lean-
lincas levels which should offer a reduction in cleaning costs,
More significant savings ghould be realized in procurcment, lo=
plstiles, quality control, and launch operations.

B, RECOMMENDATIONS

The investigation and analysis ol the service arm systoems
revealed several arcas, related to contamination control, that
require specififc attention, The following recommendations are
rolated to specific problem arcas on ftems that would enhance
contamination control on the Saturn V service arm systems .,

. Relaxed Cleanliness Levels

1t is recommended that the scrvice arm component and system
cleanliness levels be relaxed to the following levels, The pre-
sent levels specificd are also shown ftor compar ison,

a. Hydraulic Systcems

1) Component Cleanliness Level

Particle Size
(Microns) 0-5 5«15 15-25 25-50 50-100 | Over 100

*Quantity per £t~ |Unlimited | 48,000 8,500 1,500 250 50
of significant
surface area

#*Baged upon a minimum of 200 milliliters of rinse fluid per square foot of
significant surface arca.
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2) System Cleanliness Level (Level 8 of NAS-1638)

Particle Sizc
(micyons) 0~5 5-15 15-25 25-50 50~100 | Over 100

Quantity per 100 - Unlimited | 64,000 11,400 2,025 360 hé

ml of fluld

1) Exlsting Service Arm Critervia oy Hydraulle Gompoe
nonts (ABMA =8PEC-10425040)

Partlcle Size

(microns) =5 25-50 50-100 Ovor 1QO | Fibers

Quantity per  funlimited 530 b0 0 L0
100 w! sample

b, Pneumatic Sydgtoems

1) Component Cleanliness Lovels

Particle Size

(microns) 0-300 300-500 500-1000 | Over 1000

*Quantity per It Unlimited! L0 2 None

of significant
surtface arcva

Fiber Length

(microns) 0-750 750-2000 | 2000-6000 | Over 6000

Quantity pev (t- Unlimited! 20 2 None

of significant
surface areva

*Bascd upon a minimum of 200 milliliters of rinse fluid per square
foot of significant surface arca.

IMotal filterable solids limitation, 0.25 mg/ft .
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2) System Cleanliness Level

 Particle gizu

(microns) 0-~300 300~500 | 500-1000 Over 1000
Quantity per Unlimited® 10 2 None
100 grams of pas
Fiber Length -

(microns) 0-750 750=2000 | 2000-6000 | Over 6000
Quantity per 100 Unlimited® 20 2 None
grams of gas

wlotal Uilterable sollds limitation, 0,30 mg/i00 prams of pas

1) Extisting Service Arm Criterla for Pncumatic Components
(MSKC -SPEC-10MO1671, Level 1v)

Particle Size
(microns)

0-50

51-140

141-230

231-320

321-410

411 =500

501+

Por ft”’ of
significant
surface area

No Limitf

40

10 3

2

0

Fiber Length

(microns) 0-50 51=500 501 -1000 100+

Per ft° No Limitl 10 1 0
significant

surface area

{Total filterable solids limitation, 1.0 mg/Et

2, Filetration for Critical Components

The 75M08829 pressurce regulator failed during the contamina-
tion tests. This repulator is highly sensitive to contamination
due to a very small (0.lel in. diameter) poppet scat. The faile-
ure mode is crosion of the main poppet scat, as a result of the
high velocities across the small seat arca, This failure mode¢

would also apply to all regulators in the service arm systuems
that have a similar conf iguration; namely, the
wilh attendant high velocities,

small seal arca
The problem may be solved by
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eliminating those regulators or by protection by means of filtra-
tion. It is recommended that the problem be corrected by filtra-
tion. A careful analysis of the servicc arm systems revealed
that the majority of these regulators are adequately protected by
10 micron (nominal) filtration just upstream of the regulators;
however, four regulators requive additional filtration, It 1is
recommended that 10-micron dualeclement filters he placed just
upstream of the following components?

Specification Location
75M08830-2 A5657«4, =5, «b, ~7

3, A Closed Hydraulic Reservolr

The hydraulic charging unit (HCU) rescervolir is vented to at-
mosphere, with no adequate means for preventing the entrance ol
moisturc and salt-laden air. Moilsturce is a significant and cone
tributing factor to problems that were identificd with fungus and
corrosion in the hydraulic system, It is recommended that the
vent to atmospherc be climinated and that a positive pressure ni-
trogen system, with relicf capability, be incorporated inte the
HCU rescrvoir.

4. Further Study to Eliminate Fungus Contamination

A hydraulic sample taken from mobile launcher no, 1l HCU rescr-
voir contained one to two handfuls of a gummy contamination bust
described as having the appearance of strawberry jam, A biolo-
gical analysis, conducted in the Martin Marietta Space Biomedical
Research Laboratory, concluded that the contamination was fungi,
Two other contamination samples, taken on different mobile
launchers, indicated the presence of viable organisms in other
portions of the hydraulic system, Fungus in a hydraulic system
can clog filters, and produce component and system failures.

A review of the literature and industry provided no indica-
tion of any effort directed towards the elimination of fungi in
HIL-H-5606 hydraulic oil, Further study is recommended in this
area of technology to combat fungi formations in hydraulic oil.

II-5
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* 5, Hydraulic apd Pncumatic System Protection during Inactive
Poriods

CThe servicee arm pheumatie systems are presaurized only during
test operations and in the Launch countdown, No attempt is made
to maintain a positive pressure on the system during the long
intervals between launehes, The hydraulic system is drained
back to the rescvvoir after cach launch,

It 18 recommended that a small peailtive pressurce be main-
Latned on the serviee arm pneumatie systems to prevent the on-
trance of molsture and atmospherie contamination, with 1lts atten=
dant corrosfon problems, Tt is Further recommended that a blan=
ket of oll be malntained cn the hydraulic system, Elastemers In
a hydraulle system will dry out, leak, and deteriora .« rom age
i1 not blanketed with oil,

0, PFiltratlon for Hydraulic Fluid Fill

The hydraulic oil used to £Lll ov resupply the HCU rescrvoir
is not [Lltered, Considering the particulate contamination
nllowable in Lhe MIL-H-5606 oil specification, large quantities
ot particulate can be introduced into the HCU reservoir,

Filters in the hydraulic system downstreem of the reservolr
will remove particles larger than 25 microms, and approximately
98% ol those particles in the range of 10 to 25 microns. The
f{lters will not remove the small particles which produce silt-
ing, componcnt wear, and crosion, It is recommended that the
hydraulic oil introduced into the HCU reservoir be filtered to
3 microns absolute.

7. Change to MIL-H-6083 Hydraulic Oil

The service arm hydraulic system uses MIL-H-5606 hydraulic
oil. The literature search revealed that industry experience
has shown MIL-H-6083 to be superior to MIL-H-5606 hydraulic oil
and that it has two distinct advantages: (1) MIL-H-6083 contains
a rust preventative as an additive; (2) conglomeration of fine
particles will not occur in MIL-H-6083 as they will in MIL-H~-
5606 hydraulic oil. The propertics of MIL-H-6083 are very simi-
lar to MIL-H-5606, and no compatibility problems exist, Residual
MIL-H-5606 hydraulic oil docs not have to be completely drained
From a system prior to adding MIL-H-6083 oil.
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§Jthubb10 Poiut Tesgt on Fllters

When performing a component analysis on the filters on the
system, it was found that a bubble point test is not conductaed
on the majority of the filter clements after the final cleaning
operatlon, Our cxperience has shown that element degradation
can oceur during the cleaning operation, It is recommended that
4 bubble point test he perfarmed after final cleaning of the cle-
ment to verify the integrity of the filter clement and its atated
fileration level, It is also mondatory to perform a hubble peint
testl. after an element has been in service, cleaned, and i be-
tng placed bhack in nerviee,

0, Addftiopal Sampling Procedures

i T

The serviee arm pneumatle systems are not normally sampled
for contamination, To malntaln copnlzance of the aystem, it i
rocommended that the service avm pneumatle systems be sampled at
periodie intervals as part of a sLandard procudure,

There is no procedure or requirement to take contamination
samples during the long intervals botween launches or during o
down-mode operation, Tt Ls recommended that procedurcs be ine
stituted to take samples at three= to sixe-wonth intevvals,

10, Contractor Equipment Interfaces

Ir the cleanliness Levels on the service arm systems are re-
laxed, it is necessary to cither revise the interface specifica-
Ltions lor contractor cquipment, or to provide adequate filtra-
tion just prior to the interface.

11, Standardization of Component Specifications

A total of eight different cleanliness level specifications
are identificd on the service arm cowponent specifications. In-
stances were found where fluid sampling criteria had been speci-
fied for component cleanlincss levels, Several component speci=-
ficetions applicd optional cleanliness levels of widely differ-
ing criteria to the same componeni. This gsituation is a con-
tributing factor to problems in attaining and maintaining a
workable cleanliness program. It is rccommended that a single
cleanliness specification be referenced on all component speci-
fications, system engincering, and applicable procedures,
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12, Quality Control on System Samples

During our investigation of the service arm sampling proce-
durcs, there was no evidence of quality control as applied to
the results of the cantamination samples, Neo apparent action
was Laken on numerous system samples that did not mect speeifi-
cation, Once a realistic eleanliness level aas been specified
for a system, Lt 1s necespary to take corrective action if the
pramples do not mect spreiflcation, This action is required to
prevent aystem dogradation or subsequent failure, It is recom-
mended that Guality Gontrol monitor the results of the system
pamples,

13, Armeapherte Protectlon for Electrical Equipmont

e

Corronion ol component cleetrieal parts is one of the most
predominant cateporics ol falluee in the serviee arm systoems.
The electriceal portion of the components 1s not provided with
positive protection against atmospheric moisture and salt, The
service arm consoles do not contain an lnert gascous purge, and
fnspection revealed that the congsole doors arce often left open
botween launches. The least expensive method of preventing cor-
roslon, causcd by atmospheric moisture, is to maintain a dry
gascous positive pressure (0.5-in. water gage) within the scervice
arm consoles. This can be accomplished with dry nitrogen or air,
but a comprussor-dry air system would probably be more cconomical
than nitrogen,

14, Consolidated NASA Cleanliness 8pecification

Operational personnel reported that a multitude of cleanli-
ness specifications exists for the differcent systems on the Saturn
V complex. Different specifications also exist for the same sys-
tom because of diffcrent design responsibilitics. Most companies
in the acrospace industry have consolidated all of their clean-
ing critcria into one spccification to eliminate confusion and
reduce total costs. The Saturn V contamination control program
would bu greatly cnhanced if a single consolidated cleanliness
specification were prepared for all systems. An extension of
this cleanliness specification would also include consolidated
eriteria for all of the NASA centers, !
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15, Consolidated Sampling Procedure

The requirement to take a system sample, and the governing
criteria for each sample, arc specified in cach respective opera-
tional test procedure. There is no composite correlation of the
samples taken on the Saturn V launch stand, and as a vesult there
is no consistent approach to sampling or sampling criteria, A
standard sampling procedurc should be cstablished to coordinate
all of the samples taken on Complex 39. This procedure would
combine all sampling information and criteria into ome central
document and would eliminate confusion among different groups,
The procedure should list fluid commodity, samplc port location,
the procedure used when taking the sample, and the criteria for
the sample.

11-9
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111, SYSTEMS ANALYSIS

T NN - A5 tas 2l e o o

A, SERVICE ARM DESCRIPTION

Launch Complex 39 has nine service arms on cach launch mwmbili-
cal tower (LUT), The primary function of the service arms 1s to
provide personnel and astronaut access, fluid commodity loading
and unloading, clectrical power, environmental control, and check-
out of the Saturn V vehicle, After the Saturn V vehicle arrives
at the launch pad, the service arms arc extended to the vehicle
and various checkout functions are performed to cnsure the integ-
rity of the systems, Prior to launch, the service umblillcals are
connected to the vehicle to perform loading, access, and checkout,
After all functions are complete the service arms disconnect all
umbilical carriers and couplings from the vehicele, withdraw the
umbilical lines, and then retract the arm back to the LUT where
the arm is locked into place, Four of the service arms are with-
drawn prior to liftoff, and five at or directly after liftoff
(Fig. I1I-1 and Table I11-1),

Table III-1 Service Arm Retract Times

Arm 1 (S-1C aft) 0 hr 0 min 30 sec
Arm 2 (8-IC forward) 0 hr 0 min 16,2 scc
Arm 3 (8-11 aft) 11 hr 30 min 0 sec
Arm &4 (S-11 intermediate) Liftoff

Arm 5 (S-11 forward) : Liftoff

Arm 6 (8-1VB aft) Liftoff

Arm 7 (S-1VB forward) Liftoff

Arm 8 (service module) Liftoff

Arm 9 (command module) 0 hr 43 min O sec

This study concerns the hydraulic (MIL-H-5606) and pneumatic
(nitrogen-helium) control systems that perform the following basic
functions on the service arms:

1) Carrier kickoff;

2) Carrier withdraw/reconnect;
3) Coupling kickoff /withdraw;

IT1~1
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4) Line tray withdrawal;

5) Service arm extend/retract (automatic);
6) Scrvice arm extend/retract (manual);

7) Latchback mechanism;

8) Water quench system actuation;

9) Platform extend/retract;

10) Fnvironmental chamber operation,

B, DETAILED ANATASIS

When specifying a cleanliness level for a large and complex
gystem such as the service arms, it is not possible to merely as-
sign a level by association to other systems, This task must
{irst addrcss itself to the function of the system, the critical-
ity assigned to cach Lunction of the system, and a revicw of the
backup or redundancy configurations, In addition, the selection
of a system cleanliness level depends greatly upon orifice sizes,
level and adequacy of filtration, sampling procedures, system
gsample results, the maintenance nrovisions used to prevent clean-
lincss degradation, and finally a careful review of each critical
component in the system,

As the initial phase of this contract, a detailed analysis
of all service arm fluid systems was performed with the primary
objective of identifying those components, both hydraulie and
pncumatic, that perform critical system functions, At the ini-
tiation of the contract, a decision was made to use the updated
configuration of the service arms, effectivity AS-503, Table
1I1-2 lists the basic documentation (and the applicable revisions)
that describe the baseline for this study.

During the initial phase of the systems analysis, 47 basic
operational functions were identified among the nine service arms.
It also became apparent that many of these functions appeared in
identical configurations on more than one service arm, including
identical component item-find numbers. The logical decision was
made, therefore, to consolidate the 47 functions into a set of
individual or repetitive systems, resulting in a significant sim-
plification of the analysis task. This activity was subsequently
accomplished, with the result that a commonality set of 23 system
functions was identified (Table III-3).
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Bascline Documentation

Schematic

Number

76K02010
76K02011
76K0201.2
76K02013
70K02014
76K02015
76K02016
76K02017
76K02018
76K04767
76K03445
76K00190
75M06518
76K02001
Technical
Manual No,
TM439
“TM440
TM441
TM442
TM443
TM500
TM501
TM502
TM503
TM504
TM505
TM506
“M507
'T™M508
TM509

Title
Hydraulic Charging Unit

§-IC Intertank Arm
§~IC Forward Arm

S~-I1 ALt Arm

§~II Intermediate Arm
§-T11 Fouward Arm
§«IVB Aft Arm

§-1VB Forward Arm
Service Modulce Arm
Apollo Access Arm
Environmental Chamber
Item Find List, Arm Y
Ttem Find List, Arms 1-8

Service Arm Component Scttings

Pressure Regulators
Solenoid Valves
Cylinders

Pilot Operated Valves
Miscellaneous Components
Hydraulic Charging Unit
S-IC Intertank Arm

S-1IC Forward Arm

S-11 Aft Arm

S-I1 Intermediate Arm
S-I1I Forward Arm

S~-1VB Aft Arm

§-IVB Forward Arm
Service Module Arm

Apollo Access Arm

Revision

_Number
Revision
Reviaion
Revision
Revirion
Revision
Revialon
Revision
Revision

Revision

w>_>>>>>>>:>

Revision
New
Revision B
Revision E
Revision H
Publication
Date
11 Dec 67
13 Dec 67
15 Dec 67
20 Dec 67
22 Dec 67
30 Jun 67
15 Jan 68
2 Feb 68
3 May 68
30 Aug 68
15 Jul 68
15 Feb 68
26 Jul 68
16 Aug 68
10 Nov 67

III-3




TI11-4

MCR~69-484

Table III-3 Service Arm Functions

System Pescription Arm Usage
Control Console #1 1,2
Control Consgole #1 4,5,6,7,8
Control Console #1 9
Control Console i#2 4,5,0,7,8
Maninal Console 3
Water Quench and Latchback 1,2,4,5,6,7,8
Latchback Cylinder 3
Water Quench wnd Latehback 9

Carrier Reconnect

Platform Extend/Retvact
Carvicr Kickoff

Carrier Kickoff

Carricr Kickoff

Carricr Withdrawal/Reconnect
Carrier Withdrawal

LEM Withdrawal Cylinder
Carrier Kickoff

Coupling Kickoff/Withdrawal
Tray Withdrawal

Tray Withdrawal

Tray Withdrawal
Environmental Chamber
Hydraulic Charging Unit
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€
fep
-
~J

-
w

-
o

-
~3

P OO~

Schematics of the above fluid systems are presented in Fig-
ures III-2 through III-23, With all service arm systems now re-
duced to their basic clements, a detailed study of each isolated
svstem schematic was conducted in conjunction with applicable op-
erational data in order to gain a thorough understanding of the
design philosophy and technique, This effort revealed the fact
that the set of commonality systems was comprised of nearly 1100
nonduplicating item-find numbers, It was also obvious that many
of these were nonfunctional, performed maintenance duties, or
were otherwise not critical to a successful launch,

The major effort in the analysis of the service arm systems
was an item-by-item examination of each component in each system,
For this purpose, charts were prepared for each component showing
the item-find number, nomenclature, all possible modes of failure,
the system effect of each failure mode, and a classification
breakdown of the importance of a failure to the launch, For the
purposes of this study, the following failure-effect categories
were considered:
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1) Loss of life or mission failure;
2) Launch delay of any duratioen;

3) S§ystem malfunction or data losa (uged during count-
down and launch, but not critical to launch success)

4) Tocal information loss or maintenance function (not
required during countdown and launech)

5)  Nontunetional (no contribution, sueh as test ports,
{ntorface fittings, otc,)

The above effort differed from the usual interpretation of a
failure analysis in that, in 1ine with the program objectives,
only effects arising from contamination problems were cong lderoed,
The follewing ground rules were followed when determining rail-
ure modes and establishing fatlure ol fects;

1) The worst possible moment of failure in point of
time was considered;

2) The functioning of any particular subsystem was con-
sidered to be essential, even though a redundant
capability exists;

3) Redundancy of components was not considered, since
parallel components can be equally susceptible to
contamination;

4) Failure by contamination only was considered -- not
wmechanical, electrical, structural, environmental,
or operator error (Example: broken springs, incor-
rect procedures, etc.);

5) Only one failure was assumed to occur at any given
time;

6) Header supplies were assumed to be available at the
proper pressures and flowrates at all times;

7) Contractor furnished equipment was not evaluated in
the study.

The results of the above categorization were compared to
those obtained by The Boeing Company in "Failure Effects Analy-
sis", their document number D5-16494~7, The Boeing analysis
was, of course, conducted under different ground rules; in that
work, failure due to contamination was not the only failure mode
considered, and failures in redundant areas were considered to
have no effect., These facts resulted in our analysis showing
considerably more Category A and B components than did theirs,




T11-6

MCR-~69-484

In additlon, Martin Marietta made no attempt to differcntiate he-
tween a launch delay and a launch scrub, as did Boeling, However,
for the vast majority of components, our estimation of failure
modes and cffects was consistently in agreement with that of Boelng,

As a resul{ of this effort, 329 individual item-~find numbers
out of the oriplnal total of approximately 1100 were retained for
further considerationy 135 in Category A (logs of life or mission
failure) and 194 in Category B (launch delay of any duration),
Conversion of this total to a part number arrangement disclosed
that 79 different components manufactured by 27 vendors were rep-
resonted, The categorized list of these 79 components 18 includad
In this veport as Appendix A, Tt was from this list of Catagory
A and B components that the final selection was made of the com-
ponents to be used In the test phase of this program, No further
consideratlon was glven to those components clasgifiod as Cate-
gory G, D, and E slnce these components were not critical to the
system operation and generally consisted of hand valves, fittings,
and other components that were not critical from a contamination
viewpoint, The criteria used for further cvaluation of these
components 1s described in vhapter IV, Component Analysis,

In the course of the above system studies, scveral general
arcas arose that were felt to be deserving of discussion, These
weres

1) Cleanliness specifications;
2) Filtration;

3) General system problems;

4) Sampling procedures;

5) System orifices; and

6) Service arm cylinders,
A discussion of each of these subjects follows,

1, Cleanliness Specifications

During this study it was found that there are a multitude of
cleanliness specifications being used to specify fluid, component,
and system cleanliness levels on the service arms, Eight dif-
ferent cleanliness specifications have been identified for hy-
draulic and gascous nitrogen applications, gencrated by four dif-
ferent government agencies, and ranging in age from April 1960
to March 1968, a span of cight years, These specifications are
listed in Table ILI-4,
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Table TIT~4 Government Cleanliness Specifications

Specification Number Fluld Issulng Agencey
1, KBC-C-123 Flulds NASA Kennedy
2, 10MO1G21 Phneumatic NASA Marahall
3, 10425040 Medraul fe Army Ordinance
&, MSFC-SPEC-1064 Pneumat ic NASA Marshall
5, MSFC-PROC-1066 Hydraulie NASA Marshall
(, MSFC=8PEC-2134 Nitrogen NASA Marshall
7, T1OMOV4L0T Hydraul fo NASA Marsuall
4, MIL-1T-50001 Hvdraulie ofl NAV-WIPS

Of this total, the KSC-G-123 and 1OMO1621 specilications arce
apparently Identfcal in all respects, but all others specify dif-
foront eriterta tevels, Specifications 2, 3, 6 and 8 arc ref-
cronced fn the scope of work for this contract; the other four
are not, Instances werce found where system fluid sampling cri-
toeria had been specilfed for gomponent cleanliness levels, Sev-
eral component specifications applied optional cleaning proce=
dures of widely differing criteria to the same component. De-
tailed criteria for these gpecifications arc contained in Table
Iv-1,

This situation is a significant and contributing factor to
problems in attaining and maintaining a workable c¢leznliness
program, Undoubtedly, several of these cight specifications were
prepared for a specific requirement some time ago, then applied
intact to the service arm systems whose functional requirements
and component configurations may bear little or no resemblance
to those for which the specification was originally prepared,
Such a large variety of specifications must inevitably lead to
confusion by compounding communications problems between those
persons who are responsible for actual cleanliness determinations,
The use of a single, comprehensive specification is recommended
to eliminate confusion and unify the requirements for all aspects
of the cleanliness program, Further, this single specification
should then be referenced on all component procurement drawings
and all system installation drawings and operating or maintenance
procedures,

111-7
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Operational personnel (The Boelng Company) were contacted
during the course of this study regarding cleanliness apacilica-
tions, sampling techniques, contamination control, ete, One
aignificant area of discussion centered around cleanliness spevi-
fications, They reportad that a multitude of specificatlong
exist for the diffevent systems on Saturn V; and that for the
game plece of pipe and commodity, different specifications exist
for each system on the tower, This comment weould indicate the
noed for a sinple consolidated cleanliness specification for all
ayatems on Saturn V, Moat companies in the acrospace industry
have consolidated all of thelr cleaning priteria into one apecl-
Fieation to eliminate confuafon and reduce cofts, The opt imum
golut ton would be a single consolidated cleanl Iness speciflcation
for all NASA centera, The above recommendatlon presents a Lor-
midahle ecoordinat bon task, but It ia not fmpoasible,  The net
return should vesult In a signiticant cost reduction,

It should be noted that a consolidation of c¢leaning procedures
will generally fncur an fnitial cost to engineering and sometimes
in procurement, kngincering must be reviged to maintain conflyu-
ration control, Manufacturers will probably request additional
price increases In haxdware to change thelr engineering and clean-
ing processes Lf the criteria {s actually revised, If the cri-
teria is less stringent, a substantial cost savings should be
realized, The total impact of the change must be evaluated; but
{nitial costs are generally offset by significant savings in op-
erations, procurcment, launch stand operation, and logisticy,

2, Filtration

Adequate filtration is one of the best means of maintaining
system cleanliness and protecting critical components in the sys-
tem,

The method of filtration employed on the service arms is shown
in Figure III-24, The hydraulic supply in the hydraulic charging
unit (HCU) has a l44-micron sump filter that filters all hydrau-
L1o fluid used in the service arms, The low pressure pump just
downstream of this filter is a gear-type pump and the l44-micron
filter is adequate, The vendor for this pump maintains that the
pump will operate satisfactorily at Level 9 of NAS 1638 (commer=-
cial cleanliness), The high pressure pump inlet, and the pump
bypass back to the reservoir, are individually filtered to 10 mi-
crons nominal. The hydraulic supply to the gervice arm consoles
is also filtered to 10 microns, The hydraulic return drain to
{he HCU reservoir is filtered to 10 microns by means of a large
depth-type filter, Filters are located within the service arm
systems to protect critical components,
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Filters for the service arm pneumatic system are located at
the console inlets on cach level, All pneumatic supplies, with
the exception of the 125 psi nitrogen system, are filtered to 10
microns nominal, The 125 pai nitrogen system does not contaln
any c¢ritical components and no additional filtration s recowm-
mended, Numerous samples taken in the pneumatic headers ta the
gorvice arms indicate ne particles over 140 microns, with only
ona to five particles In the range of 50 to 140 microns, Small
filters are contained within the pneumatic ayateme to protect in-
dividual componenta,

The majority of the {1lters In the Aystem are af the single
element In~Line type Inatalled In havd piping inatallatlons,
These F1l1tor olements ave difficult to malntaln and the svatom
will penerally receive contamination from Lthe atmospheore unloess
gpecial proteetion 18 provided duving checkout,  We recommend
that dual=clement or T=type fllters be congldered for future do-
siyn applicatlons,

In our expuricnce, dual clement Pilters have been found to
of fer several advantages, and the biterature reviewed subgtant 1«
ates this position, A typilcal hydraulic system dual clement £il1-
tor conslsis of a 15=micron (absolute) primary clement backed up
by a 3=micron (absolute) secondary element that can elfectively
control silting contamination, Filters arce proportional devices
and most manulacturer's define nominal rating as the abllity to
trap 984 of particles of the rated sizc or larger, Absolute
ratings are generally Interpreted at 100%; however, the possibil-
ity exists of passing [iber-type contaminants longer in dimension
than the absolute rating, but smaller in diameter, With a dual
element device, increased turbulence and double filtration effec-
tively increases filtration reliability, Except in extraordinary
circumstances, the secondary element need never be changed; the
primary element can be readily changed without mechanically dis-
turbing the system or exposing the system to external contaminants.
This is the primary advantage of the device. These advantages
accrue with little additional expense.

Under circumstances where continuous high Elowrates are in-
volved, the dual element-type filter would be more effective when
used for critical component protection, with a much coarser fil1=
ter used off the hecader supplv, However, in the service arm sys-
tems, supply flowrates are relatively small and infrequent, and
maintenance would probably not be excessive if the device were
used off the header as a blanket system protector,
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Compoments that are particularly gengitive to contamination
ghould be protected by filtrvation just upatream of the component,
If the component does not gee large quantitics of fluid, an In-
tegral filter meroeen (Fig, I1I-25) contained within the compenent
may be congidered, Integral screens should have ample avea and
gul ficient structural backup Lo prevent loading, £P bulldup, and
subsequent rupture ef the scxeen, Fitting~type acrcens (Figure
111-25) ave not recommended,  During the contamination testa conn
duceted on this eontract, all of the fitting-type screcps failed,
These scrcons do not contaln sufticlent area and often will rup-
tnre and proceed down the avsatem, with the posalbility of a wmaljor
cont aminatLon faflure downstream, Another disadvantage of these
serernn 36 that in normal operatliona they arve never malntained or
cleaned,

Phe majority of the rijters vontalned In Lhe service arm sya-=
tems are manufactured by Fluid Dynamico, A bubble polnt tost for
vorttfeat fon of the filteation tevel i performed after they are
mamfactured,  The fiiters are then cleancd by another vendoy,
but arv not bubble point tested aftor cleaning, Our uxperience
has shown that ft s necessary to perform a bubble point test
arter any cleaning operation and prier to usape in order to verle
ty the fateprity ol the filter and {ts stated filtration level,,
Also, it s mandatory Lo perform bubble point test after an
cloment has been tn service, cleaned, and is being placed back in
sorvice, We recommend that the above practices be instituted for
Lhe service arm gvstems,

The NCU rescervoir is filled with MIL-H=-5600 hydraulic £luid
[ rom drums by means of a hand puwp, The oil is introduced into
the HCU return line downstream of the filter; thus no filtration

of the vil is accomplished upon resupply or initial fi1l of the
hvdraulic reservoir,

Considering the volume of the reservoir and the particulate
conlamination allowable in the MIL=H-5606 oil specification, the
quantities of particulate that could be introduced into the res-
ervoir in a single fill operation are given in Table LII-5.

Table IILI-5 Potential Reservoir Fill Contamination

Particle Size
Range (Microns) 0-5 5-15 15-25 25-50 50-100
Number of
particles Unl imited | 47,200,000 | 18,900,000 | 4,720,000 | 472,000
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“ None of the particles smaller than 10 microns will be removed by
the service arm hydraulic system filters, Martin Marietta recom-
mends that all hydraulic oil intreduced into the HCU reserveir be
f{1tered to 3 wmicvons,

Contamination tests were conducted on critical service compo-
nents as the last phase in this contract, The major conclusion
reached in these tests was that the 75M08829 pressure regulator ls
highly sensltive Lo contamination, The fallure mode was erosion
of the maln poppet stem seat, as a result of the high velocities
acrogs the amall acat, This ceonclusion would also apply to all
regulatovs in the scrvice arm systemd that have a similar config-
uratlon, namely, the small seat arca with attendant high veloci-
tien,

To alleviate this eondltion, these regulators may cither be
replaced or protected by adequate filtration just upstream of the
component,  We recommend that the problem be corrected by filtra-
tion, A carcful analysis of the service arm systems revealed
that the majority of these regulators were located in close prox-
fmity to the Filters at the inlet of the consoles and were the
flrst components downstream of these filters, These regulators
will be adequately protected by the 10-micron filters, The fol-
lowing regulators ave not protected by adequate filtration,

. ‘ Speclfication Location
. 75M08830-2 A5657-4, -5, -6, -7

Martin Marietta recommends that 10-micron absolute dual-ele-
ment (ilters be installed just prior to the above regulators,
This recommendation is made even if the relaxed cleanliness lev-
els, described in this report, are not implemented. The present
cleanliness levels of the service arm system (reference Tables
III~7 and ITI-8) are dirty enough to warrant this recommendation,

This study did not include an investigation of the contractor
equipment that interfaces with the service arm systems, If the
relaxed cleanliness levels described in this report are implement-
ed, the contractor interface specifications should either be re-
vised or adequate filtratlon should be required in order to pro-
tect their equipment,

3. General System Problems

The previous discussion on filtration concerned particulates
as a detrimental form of contamination, Another important con-
sideration in hydraulic and pneumatic systems is the elimination
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of moisture., In the service arm system, the reservoir of the hy-
draulic charging unit is vented to atmosphere, with no adequate
means for preventing the entrance of moisture and salt-laden air,
This is felt to be a significant contributing factor to problems
that were identified with fungi in the system and corrosion in
accumulators and cylinders,

A contaminated hydraulic oil sample was taken from the hydrau-
1ic charging unit on mobil= launcher No, 1 in January 1969, The
sample contained approximately one to two handfuls of a gummy con-
tamination best described as having the appearance of ''strawberry
jam" of a thick, gummy nature, A chemical analysis was conducted
by NASA and the contamination was reported to be a cellulose fi-
ber, but it was not determined whether it was organic or synthetic,

There was a small trace of calcium, zinc, and iron,

Since the analysis indicated a fibrous material, the hydraulic
system and reservoir mist filter were inspected to determine if
any system degradation had produced a "fibrous' material, The in-
spection did not reveal any degradation or any other contamination
in the reservoir vent system or on the hydraulic system filter.

After reviewing the results of the chemical analysis, it ap-
peared that the chemical analysis could be supplemented by a bio-
logical analysis, and such an analysis of the contamination was
conducted in the Space Biomedical Research Laboratory of Martin
Marietta., The analysis concluded that:

"Microscopic examination of the contaminated hydrau-
1ic oil sample revealed the presence of branched fila-
ments (Fig. I1I-26) characteristic of fungi mycelium,

An attempt was made to demonstrate the presence of via-
ble fungi., Standard bacteriological culture media
(Sabouraud's dextrose agar, trypticase soy agar and nu-
trient agar) were inoculated with samples of contaminated
0oil. After 48 hours incubation at 32°C, typical fungal
colonies were evident., Thus, using preliminary data as

a basis, it is believed that the oil contaminant is a
fungus."

Additional tests were performed on the fungi culture, We
were unable to produce a culture in clean MIL~-H-5606 hydraulic
0oil, but were able to produce a culture in plain tap water under
the oil, There are four distinct classes of fungi; this particu-
lar fungi was isolated to the Fungi-Imperfectii class, Lack of
information on structure and presence of fruiting bodies prevented
an accurate classification within its jndividual class without
further tests which were beyond the scope of this contract.
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Two other contamination samples tenatively indicate the pres-
ence of viable organisms in other portions of the hydraulic sys-
tem - on different mobile launchers, A 0,25-inch clogged hydrau-
lic line was reported on service arm 06, mobile launcher #2 on 12
July 1968, The substance in this line was reported to be a "black
gunmy mass', Failure analysis conducted by Lhe NASA Malerials
Analysis Branch reported that the material consisted of stainless
steel corrosion products (Fe.0, and Cr:0:), The description ol a
"hilack gummy mass -- or sludge" related very closely to a viable
bio-organism which a biological analysis may have verified, There
was no indication, in this sample, of any products resulting from
the degradation of elastomers,

A hydraulic oil sample was taken on 20 February 1969 trom the
hydraulic charging unit reservoir on LUT 2, In addition to par-
ticulate contamination found in the sample, it was reported Lhat
a "long fiber of pale green jelly' was present in the sample, No
biological tests were performed on this sample, If the visual
description was accurate, it may also indicate the presence ol
viable organisms in the hydraulic system,

Viable organisms could have been introduced into the system
in a variety of ways; either by atmospheric means, by external
means (components, maintenance, etc.), or transported into the
system while the hydraulic oil supply was being replenished. All
organisms require water to maintain their viable state; others
require nitrogen or oxygen in addition to water,

Viable organisms cannot be sterilized by a normal component
cleaning procedure, They can be sterilized by either applying
heat-steam or by the use of biocides, The applications of heat-
steam to the service arm systems is not satisfactory because of
the detrimental effects to elastomers and components, Complete
elimination of water vapor from the system is a very difficult
task and generally can only be accomplished by a vacuum technique,

Viable organisms have caused problems in other systems such
as jet fuel tanks, and the problem was gsolved with biocides, To
our knowledge, only one study has been directed towards the use
of biocides to control fungi in hydraulic oil, This study was
performed in England on a hydraulic oil different than MIL-H-5606,
The use of biocides is common knowledge; but its effect on the
hydraulic oil, elastomers, and components in the system has not
been investigated, Further study is recommended in this area of
technology to combat fungi formations in hydraulic oil,
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The mass transport of fungi from one part of a system to
another can be prevented by the use of filtration techniques,
Five-micron nominal (or less) filtration is required; the minimum
filtration level in the service arm systems 18 10-micron nominal,

1t is our recommendation that the vent-to~atmosphere on the
hydraulic chayging unit reservolir be eliminated, This vent should
be replaced with a small positive pressure nitrogen system (with
pressure relief capability) to prevent water vapor from entering
the hydraulic system, __A_closed system is recommended to prevent
degradation from corrosion and to eliminate conditions conducive
to the propagation of viable organisms,

Moisture will enter a hydraulic or pneumatic system by a dif-
fusion process unless a positive pressure is maintained on the
system, The service arm systems are pressurized only during
test operations and in the launch countdown, No attempt is made
to maintain positive pressure on the system during the long in-
terval between launches, It is recommended that a small positive
pressure be maintained on the nitrogen system to prevent migra-
tion of moisture and particulate into the system through relief
ports, calibration fittings, bleed orifices, etc, It is further
recommended that the hydraulic system be fully blanketed with
hydraulic oil at a small positive pressure to prevent atmospheric
contamination and drying out of the seals, Elastomers in a hy-

‘draulic system will dry out, leak, and deteriorate from age i7 not

blanketed with oil,

The history of component failures on the service arms indi-
cates that the single largest contamination failure is corrosion
of electrical contacts, Most of the electrical components are
located in the service arm consoles, The consoles on the service
arms are not purged with nitrogen and are not adequately sealed
to prevent moisture from entering the consoles, Further, inspec-
tion of the service arms revealed that the doors on the consoles
are often left open between launches, Again, the least expensive
method of preventing corrosion caused by atmospheric moisture is
to maintain a positive pressure (0.5-inch water gage) within the
service arm consoles. This can be accomplished with dry nitrogen
or air, On a system as large as the service arms, a compressor-
dry-air system would probably be more economical than the use of
nitrogen,

The service arm hydraulic system is essentially a dead-ended
system and cannot be thoroughly flushed in the event the system
were to become heavily contaminated, On future designs, a flush-
through capability should be provided,
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The hydraulic oil used in the service arm systems is MIL-11-56006,
Our cxperience has shown that MIL-H~6083 hydraulic oil is superior
Lo MIL-H-5606 and has two distinct advantages: (1) MIL~H-6083
contalns a rust preventative as an additive; (2) conglomeration of
fine particles will not occur in MIL-H-6083 as they will in MIL-H-
5606 hydraulic oil, The propertics of MIL-H=-6083 ave very siwmilar
to MIL-H~5606, and no compatibility problems exist, Residual MIL-
1-5606 hydraulic ofl in a system need not be completely eliminated
prior to adding MIL-1[-6083, Literature comparving the two is avall-
able; no unfavorable accounts were found during our review,

4. Sampling Procedures

i Meet ings were conducted throughout the course of the contract

i ' with those personncel in NASA, Bocir ,, and Bendix who were direct-

i ly associated with, or responsible for, sampling procedures, analy-
sis, and contamination control, The following samples are nor-
mally taken on the service arm systems:

1) Hydraulic Charging Unit - Two samples are taken at the
HCU during validation procedures, These are dynamic
samples taken while the system is running, Samples
are analysed for acid base, moisture, and particulate,
Critiera for moisture are taken from MII.-H-5606B and
”5 criteria for particulate are taken from both MIL-H-
; 5606 and 75M09467;

2) Resupply Fluid - Hydraulic fluid received in drums is
not sampled for moisture content, Problems have
arisen in meeting 75M09467 particulate criteria when
sampling the drums. The HCU reservoir is filled from
the drums by means of a hand pump that does not meet

R cleanliness criteria, and {luid is introduced into

SR the HCU return line downstream of the filter;

3) Service Arm Hydraulic System - The hydraulic systems
on the scrvice arms are sampled during validation
procedures to level II of 75M09467, Samples are
taken with pressure on the system at (a) both sides
of the arm retract cylinders -- upper and lower hinges;
(b) test port of the secondary retract gage; and (c)
the hydraulic standby (70 psi) system on the hydrau-
1i. side;

4) Pncumatic_System - The service arm pneumatic systems

are not normally sampled as part of any standard pro- ‘
cedure unless "contamination is suspected' or compo- ‘
nent failures indicate contamination, When samples

arc taken, level IV of 10MO1671 is used for criteria,

The pneumatic header is gsampled during the validation

procedures,




I11-16

MCR~69-484

Specification 75M09467 is used as criteria for all service
arm hydraulic system samples, This criteria document was not
referenced in the contract and was not specified in any of the
engineering documentation reviewed during the contract, The
cleanliness levels in this document are considerably relaxed as
compared to the other existing service arm cleanliness criteria,
The specification was orginated at Marshall and was reportedly
used on Saturn I, Particulate criteria excexpts from 75M094G7 are

given in Table 111-6,
Table III-6 Particulate Criteria (75M09467)

Usage I 1L ! 11T
Micron Servo Valves and | Actuators and { Accumulators
Range . Close Tolerances Cylinders and Reservoirs
10-25 5, 360 . 23,680 42,000
25-50 780 3,640 6,500
50-100 110 555 1,000
100-150 + fibers. 11 52 ) 92
150 + 0 0 _ 0

In meeting with the various operational groups concerned with
the service arm samples, it was apparent that a group responsible
for a pe 'ticular arm did not know what procedures or criteria were
being used for the other arms on the tower.. The requirement to
take a sample, and the governing criteria for each sample, are
only spelled out in each respective operational test procedure,
There is no composite correlation of the samples taken on the

Saturn V launch stand,

pinion that the present

The operational groups were of the o
No quality controls were

cleanliness levels were too stringent,
found to exist that specified a "nho-go' situation when a system
did not meet specification, It was noted that up to three sam-
ples were taken on the same system before criteria would be met,

Tables I17-7 and I1I-8 show the results of hydraulic samples
taken in the HACU and on the service arms. Figure I1I-27 depicts

these results graphically.

Fifty-six samples from the nitrogen distribution system were
reviewed and each sample showed only 1 to 5 particles in the
range of 50 to 140 microns, with no particles above that range.
An extensive blowdown of the system is performed prior to taking
the pneumatic samples in the distribution system,
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Bendix takes samples only when a request is received from the

. contractor, No conclusion is made by Bendix as to whether the

' sample meets speclification, Ilydraulic samples are taken by the
open-bottle technique with the volume ranging from 100 to 1000
ml depending upon the contractor's request, Gas samples ave taken
by the Millipore method with flow volumes of 30 to 130 8CF, A
contamination precount 1s made on both the open bottle and Milli~
pore pad prior to taking a sample, Bendix prefers the open-bot-
t1e technique rather than a Millipore bomh becangse they belicve
the connection that must be wade with the Milllipore bomb intro-
duces more contamination, Extenslve tests conducted by Martin
Marictta on Titan vehicles has proven the reverse; that less ex-
tornal contamination is introduced in using the Millipore bomb,
and results are morce consistent,

Bendix was questioned as to problems encountered in cleaning
components and systems to the KSC-123 specification, They stated
that no problems were generally encountered in cleaning components
to Level IV of KSC-123, but some problems occurred in cleaning
systems to the same level, They also stated that Level I of KSC-
123 presented many problems and subsequently required more effort
in cleaning, particularly with more complex components,

The sampling procedures used on the service aym systems are
helieved to be inadequate to ensure an acceptable system cleanli-
ness status throughout all phases of operation, The following

E procedures arc deemed necessary to ensure good practice in this
- regard:

1) Nitrogen samples s' -.ld be taken on the service arm
systems on a regular basis and as part of a standard
procedure;

2% Scheduled hydraulic and pneumatic samples should be
taken during the long intervals between launches, or
during down-mode;

3) Hydraulic fluid transferred from drums to the BCU res-
ervoir should be filtered prior to entering the HCU;

4) Hydraulic fluid should be received (as validated) as
meeting the MIL-H-5606B specification;

5) A standard sampling procedure should be initiated to
coordirate all of the samples taken on Compiex 39,
This procedure would serve to combine a!l sampling
information and criteria into one centrar document
and would eliminate confusion among differ=nt groups,
The procedure should list fluid commodity, sample
pert location, the method used for the sampling, and
the criteria for the sample;
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6) No quality controls were in evidence in the event a
sample did not pass criteria, Sample reports should
be controlled by quality contrel and a regolution
made if the sample does not meet criteria,

5, System Orifices

Orifices are one of the more important factors te be considered
in the analysis of cleanliness levels for fluid systems, An analy-
sis was performed on all of the orifices in the service arm syatems
as part of thic study, Table II1I=9. presents a compilation of all
of the orifices, both hydraulic and pneumatiec, that exist as {indi-
vidual find numbers in the service arm systems.. The table presents
cach orifice diameter in inches, and the equivalent micron size,

Table TIL-9 Service Arm Orifice Size Tabulation

item-Find | Specification | Service |Diameter ‘Diameter
Number Number Commodity (in.) (microns)
A-5469 75M04165 Hydraulic 0.020. 508
A-~29601 75M04165-2 Pneumatic - 0,030 762
4£-5872 75M21479-7 Pneumatic | 0,1406 3,570
A-5873 75M21479-17 Pneumatic | 0.1406 3,570
A-5738 75M50184-1 Hydraulic | 0.114 2,895
A-5644 75M50184-6 Hydraulic 0.030 762
A-5648 75M51695~2 Hydraulic | 0,030 762
A-34762 76K00189-1 Pneumatic ' 0,077 1,955
F A-34765 76K00189-1 Pneumatic | 0,077 _.. 1,955
A-34815 76K00189-1 Pneumatic 0.077 1,955
A-35730 76K00189-2 Hydraulic | 0.043 1,092
A-35731 76K00189-2 Hydraulic 0,043 1,092
A-34951 76K03578~-1 Pneumatic 0,047 1,193
A-34971 76K03578~9 Pneumatic | 0,093 2,360
A-34989 76K03578-12 Pneumatic | 0,040 . 1,016
A-5594 --- Hydrualic | 0.450 11,430
A-5865 - Pneumatic | 0,030 762
A-5973 .- Pneumatic } 0,030 762
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The smallest diameter in the service arm system i 0,020
tnches, or 508 microns, This orifice was lncluded in the contam-
inat fon tests (see Chapter VIT) and the orifice did not clog even
though particles np to 10004 microns and fihers (up to 2000+ wi-
crons) were injected into the test systom,

Our concluslons, backed up by test, are that the orifices in
the service arm systems are not too smallsy even with the new
cleanl iness level recommended by this atudy,

At thig juncture it ghould be recognized that factors alher
than the ahsolute orifice diameter must he consldered when cvalu-
at oy the possihitity of oritiiee clogalng,  Some af these tactors
ares

1y Particle shape, It all part feles were of a hard
gpherical shape, the ovilfee diameter would be the
Itmiting Factor, This, however, fs practically
never the cased and gincee current meaguring practice
gages the longest part Lele dimension, the probabil ity
is quite high that a given particle would pass through
an orifice even thouph its Longest dimengion s preater
than the orifice diameter, In low velocity hydraulic
systems, Libers will form a mat, thus acting as a
screen that traps smaller particles resulting in a
clogped orifice, However, this circumstance should
be minimized by the application of adequate (1ltra-
tion techniques;

2) Particle composition, Ordinarily, typical contamina-
tion is composed of both hard (metallic) and solt
(organic) materials, Depending on the fluid veloeity
within the system, solter particles larger than the
orifice diameter will be extruded through an orifice,
Harder particles will not pass through an cquivalent
orifice size;

3) Particle Density, 1In gascous systems, high-density
particles tend to settle out in traps inherent iIn the
system, due to large density ratios between the par-
ticle and the gas, Fibrous-type contamination would
more likely be entrained in the fluid stream, In hy-
draulic systems where the fluid density is more near-
ly the same as that of the particulate, much less
scttling can be expected and entrainment should be
considered to be predominant,

T71-21
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When design requirements dictate the use of orifices that are
within the aize range covered by cleanliness requirements, a
method that should receive consideration is the use of aseries
orifices, This technique involves placing two o more larger
orifices in serles to achieve the same flow-limiting cffect as
would ho obtained Yrom ene very small orifice, Low-flow hydrau-
lic aystems ave felt to be wost deserving of this approach; pneur
mat1e gystems with attendant high fluld velocltles are much lesa
prone to bulldup er nesting of partilculate contaminates,

6, Scrvice Arm Cylinders

The major serviee arm component problems assoclsted with con-
taminatlon that were ldentified to us by NASA involved eylindery
and accumulators,  These problems were not o divect result of
particulate, but vather resulted from internal corroslon products
and deterlorated seals, The causes of such difficultles were:

1) Inadequate removal of cleaning solvents;
2)  Lack of blanket pressurization;
3)  Improper lubrication during reasscembly;

4) Scal damage during assembly,

Making the assumption that these factors are controlled, the eri-
Lical failure mode for cylinders and accumulators is a piston
sticking duc to massive amounts of particulate contamination,

The cylinder force analysis (Table I1I1-10) was conducted to
determine the probability of a piston becoming stuck in one posi-
tion due to contamination, Using the appropriate inlet pressures,
caleulations were conducted to determine the hypothetical thick-
ness of material that could be sheared, The numbers tabulated
in the "Shear Capacity' column of Table III-10 reflect a circum-
ferential band of metallic material, having a shear strength of
100,000 psi, that could be sheared by the forces available on
the piston, This analysis is theoretical, and only presents a
relative gage in evaluating the forces present in each cylinder
since the shear strength of contamination is a variable and has
not been determined with any degree of accuracy. As can be seen
from the tabulation, significart thicknesses would represent such
magsive amounts of contamination that this failure mode is con-
gidered to be an extremely remote possibility. This analysis
only considers the forces necessary for a piston to become stuck
on one position, and does not relate to the shearing of seals
due to contamination,
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IV. COMPONENT ANALYSIS

In any cleanliness level analysis, a detailed study of the
components in the system is recognized as one of the most impor-
tant functions, The purpose of this component analysis was to
(1) determine the degree of complexity and sengltlivity of the
componenta; (2) determine those components deemed to be most
prone to contamination failurcs; and (3) seleet eritical compo-
nents for test,

The categorized component list (Appendix A), developed as
part of the systems analysis task, was usced as the bascline list
ol components to be analysed in detail, The components contained
“herein were determined to be critical to the operation of the
service arms and were possible candidates for a contamination
failure,

A dctailed analysis was conducted on each component to deter-
mine ite sensitivity to contamination. The final product of the
component analysis task is contained ia the individual Comporent
Analysis Shects (Appendix B of this report), Each sheet lists the
component specification number, vendor name, vendor part number:,
component location(s), possible contamination failurc mode, and
a detailed description of the component relative to contamination,

The following sources of information were used in the compu =~
nent analysis task:

1) Component Specifications;

2) Comp. -nt Engineering Documentation;
3) Failure Analysis Summary and Reports;
4) Detailed Component Drawings;

5) Related Experience;
6) Contact with Vendors,

Each component specification was reviewed for materials,
lubricant, pressures, flow rates, intended application, and ven-
dor source, The failure analysis sheets were reviewed in detail
to ascertain the past history of failures experienced with cach
parlicular component. Component drawings were obtained from the
vendors and examined in detail, The cnginecrs' experience played
a strong role in this task, Basically, their evaluation concerncd:

1v-1
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1) Past experience with the valve or the particular
design;

2) Clearances between moving parts;

3) llardness of materials in contact wit, each other;
4) Orifice diamctcrs;

5) 8cal location and configuration;

6) Flow arcas and velocitics;

7) Quantity or volume of f£luld as scen by the valve;
8) Adaptability to cleaning, dead~legs, ete;

Y) Actuation forces availables

10) Intended deslgn applicatfon versus the actual appli-
cationg ...

11) Relation of the component to other components in the
system;

12) Surfaece Finishes;

13) Degree to which the component would generate particu~-
late,

The- majority of the vendors of the components in question
were contacted to gain specific information as to recommended

clecaning levels, part failure history, cleaning procedures, part
costs, and cleaning costs,

One comment was expressed by all vendors contacted; that
their components used in the service arm systems could be reli-
ably operated at less stringent cleanliness levels than are re-
quired by NASA, The Marotta Valve Corporation indicated that
they felt their '"commercial clean procedure' would yield compo-
nents that would come very close to meeting the MSFC-164 speci-
fication, and that the Marotta components would Operate satis-

factorily in the servicc arm systems at this level of cleanli-
ness.

Another fact revealed through vendor contact was that the
costs associated with the cleanliness levels now specified for
the service arm components were very high, Table IV-1 shows the
approximate base cost for the component and the costs for clean=
ing. It should be noted that a fixed price or "sct-up charge"
is incurred cach time a process is set up to clean a zomponent,
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whether for one component or for many
mended that these costs be taken inte
cleaning components; thus, it is morce
components at a time rather than just

components, It is recom-
account when purchasging or
cconomical to clean several
one Componcnt .

Table IV-1 Cleaning Costs

Cost with No
Specllication
Cleaning or Coat with Specification
Cleanliness Cleaning, Cleanlincss
Speclficeation Teating (com- Tcats + Cleanlng Sctup
No, mevelal c¢lean) Charge per Lot
75M06116 $ 397,00 8$547,00 4+ $175,00
75M08823 380,00 530,00 + 175,00
75M08824 265,00 310,00 + 175,00
75M0ORRK2 5 310,00 360,00 + 175.00
75M08826-X 2100,00 2350,00 4+ 250,00
75M08827-X 2650,00 2800,00 + 250,00
75M08829 330,00 375,00 + 175,00
75M08830 295,00 360,00 + 175,00
75M08831 285,00 355,00 + 175,00
75M08836 395,00 450,00 + 175.00
75M09285 348,00 520,00 + 175,00
75M10090 1350,00 1435.00 + 175,00
75M13255 285,00 355.00 + 175,00
75M51630-X¥X 25,00 30.00 + 25,00
76K00187 470,00 520,00 + 175,00
B10425701-2 490,00 535.00 + 175,00
Marotta P/N
800262-19 115.c0 140,00 + 150,00
Marotta P/N
204002 90.00 110,00 + 150,00
Marotta P/N
MV 583 285,00 335.00 + 175,00
Note: Approximate pricing for quantities of 1 to 3.

Another problem area that was encountered during the course

of this study was component cleaning procedurecs.

Several vendors,

who were contacted during this study, did not perform their own
cleaning operations, cither because they did not have cleaning
facilities or because their facilities did not mcet the require-

ments of the NASA criteria.

The usual cese was that the vendor

would build the part, assemble it, perform the necessary func-
tional tests, and then send it to another vendor for cleaning,

V-2
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The vendor performing the cleaning would then disasscmble the
component, perform the necessary cleaning,. and reassemble the
comperient,,  In the case of some compunents, no functional tests
were performed after the component was dasscmbled, 1In addition
to the expense involved (Table IV~2), the final assembly may be
performed by technicians who arc not as familar with the compo-
nent as is the manufacturcr, One vendor found it nccessary to
aend a techniclan along with Lhe part to maintain component ine
tegrity on final assembly, The ideal solution would he to ge-
leet vendors who perform their own eleaning operations,

Table IV-2  Component Cleaning Costs

Cleaning Costs
ag a Percentage

8pecification Single Item of Base Price
No.. Basce Price Clean Cost (%)
75M06116 $397.00 $325,00 82
75M08823 380,00 325,0¢ 86
75M08824 265,00 220,00 83
75M08825 310,00 225,00 73
75M08826 2100.,00 500,00 24
75M08827 2650,00 400,00 i5
75M08829 330,00 220,00 67
75M08830 295,00 240,00 81
75M08831 285,00 245,00 86
75M08836 395.00 230,00 58
75M09285 348,00 - 347,00 ’ 100
75M10090 - 1350,00 260,00 19
75M13255 285,00 245 .00 86
75M31630 25,00 ~el0 120
76K00187 470,00 225,00 48
B10425701-2 490,00 220,00 45
800262-19 115,00 175.00 152
204002 90,00 170.00 189
MV583 285,00 225,00 79
75M06606 550,00 723.00 131
75M10992-1 210,00 370,00 . 176
75M10992-2 279,00 380,00 s 130
75M08053 421,00 743 .00 176
75M08822 2800,00 : 200,00 7
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The following 16 components (Table IV-3) were sclected for the
contamination tests, Task IT of this program, Other components
wvere deemed eritical but were of the same confilguration as those
shown below, The cylinders, accumulators, and check valves were
not determined to be particularly contamination critical, but did
repregent the remaining broad categories of components contained
in the service arm systems, They were also necessary to complete
the test clreults that were vepresentative of the service arm
function, The speecific details of cach component are noted In
thelr respective Component Analysls Shects, Appendiz B,
Table TV=3 Test 8Specimens for Gontamlnation Test
Simllar NASA
Nomenelature Vendor Part Number Part Ne, Qi
Regulator Marotta Valve CGorporation 227464-11 15MO8R2Y I
Regulator Marvotta Valve CGorporation 219004-J151 75MOBKE 30 I
Regulator Marotta Valve Corporation 230904-12 75M08831-1 |
Solenoid Valve | Marotta Valve Corporatlion 806097~1 79MO8823 -1 3
Solenoid Valve | Marotta Valve Corporation 228154-02 7oM0O8824-1 I
Solenoid Valve | Marotta Valve Corporation 225884-02 75MO8825 -1 I
Solenoid Valve | Marotta Valve Corporit! - 306098 75M0928 5~ | 2
Cylinder Pathon Manufacturing vompany | 3H1X3S8U101/2 75MOOH06=-/ |
ABR
Cylinder Pathon Manufacturing Company | QU4X38U1Y1/2 75M0901 4 I
AR
Accumulator American Bosch ACG300281 75M088 14 2
Check Valve James Pond Clark 277-11-817T 75MU5305-4 2
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V., LITERATURE SF. RCH

At an intregal part of this study, a llterature/Industry
search was made Lo ohtain avellahle fnforwation concerning con-
tamination in hydraullc and pneumatic fluids, Partlcular cmpha-
g.6 was placed on Informatlon relating to conptamination levels
generally used in equipment and systems slmilar to those In uee
at Cemplex 39, and Inlormatlon concerning the relationship bee
tween coptamination levels and cquipment performance,

A computerized Tterature search was condoetod by Martin Mavi-
ctta and a listing of pertinent articles concerning coentemdnation
was obtalned from NASA and the Detense Documentation Genter,
During the literature scarch 4,802 articles on contamination were
surveyed,  From this number, 170 artleles were ordered through
our Library, The abstracts for 43 of the most InLormotive arti-
cles concerning this study arve dneladod in Appendix €,

Some general conclusions may be veached as a result of the
literature search:

1)  The major body of the Titerature concerns hydraulicsy
in particular, scrvo valves, Almost no information
was found on contamination in pneumatic systems,

This may indicate that the majority of contamination
problems were associated with scervo valves and f£light
control feedback circuits, and that ne particutar
problems have been experienced in pneumatic systoews:

2) Included in the abstracts are scveral papers thatl
deseribe the actual operating contamination levels
of aircralt and ground checkout cavts, The majority
of these samples indicates that aircraft are operating
satisfactorily with very dirty systems;

3) Very few controlled contamination tests were described
in the literature, Many tests have been conducted on
filters, but not on components or systewms;: -

4) The authors of literaturce on contamination in hydrau-
lic and pneumatic systems ave very delfinitely divided
into two distinct camps =+ "clean-clean" and "dirty,"
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VI, CLEANLINEGS LEVEL RECOMMENDATIONS FOR TEST

In scveral of the veports and papers reviewed during our
lLiterature search, the authors either prefaced or concluded their
remarks with a statement to the effect that "there are as many
different eleanliness speeifications in exlstence as there are
persons wekting on the subjeet,” Evaryone econcerned with cleane
Incas problems deemd £o seleet a level that works in his own
experlence,  All of the major teehnical societies are deeply in-
valved, with numerous commlttecs and subcommitteces striving
mipghtLly with the questlon.  Practically every major acrospoe
firm has ita own cleaning specification; the military and the
NASA cach have several.  Any study that undertakes to consolidiate
and compare thls wmasgs of rvequirements is inmediately overwhelmed
with the disparltics between the various ilssulng organizations.
Evidenee of the sume diversity of opinion was found during the
literature search; those authors concerned with reliable component
and system operation praised extraordinary cleanliness, whercas
thoge saddled with the responsibility of attaining, maintaining,
and certifyiog clean hardware or flulds were much less demaading.
Both sides of course, can logleally justify their positions;
this, however, is of little consolation to the person attempting
to appraise hi: own position.

On the following pages all of the pertinent cleanliness in-
formation applicasle to this program is tabulated, Table VI-|
lists actual spec: fication clecanliness levels from NASA and the
Military, as well as recommended standards published by techni-
cal societies, Teble VI-2 lists information found in the liter-
ature concerning various company specifications and successful
operating experience, An examination of these tables rcveals
several arcas of particular interest:

1) Many conflicting NASA specifications exist, a situa-
tion that has been discussed in Chapter III of this
report;

2) Many of the specifications and standards are closed~
ended, that is, allow zero particles above some cut-
off size, whercas others are open-ended, allowing a
small number of particles of any size;

3) Virtually all of the specifications and literature
are concernced with hydraulics == in fact, during this
program practically no information was found regard=-
ing cleanliness of pneumatic systems;

VI-1
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4)

5)

6)

1)

2)

3)

7)
8)
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All parties apparently use the longest particle dimen-
slon as criteria, except North American who uses the
smallest dimension;

All partics rcly on manual particle counting methods
per ARP-598, cxcept Boeing who relies solely on a
mass measurement

In general, the specifications and proposed standards
contain criteria that are much more stringent than the
cleanliness levels encountered in fully op.rational
cquipment as reported by several surveys in the liter-
ature,

With all of this diversc information in hand, our task was to
interpret the specifications with regard to the specific Saturn V
service arm systems, and supplement themt with other factors that
in our opinion are essential to the determination of a satisfactory
cleanliness program for any system. The following specifications
and factors.that werc investigated during this task are listed
below.and are discussed in detail in the following pages:.

Existing NASA.and Military specification requirements
as shown in Table VI-1;

Tachnical Socicty recommended standaxds as shown.in
Table VI-1;

Company specifications of users in similar applica-
tions, as shown in Table VI-2;

Actual condition recommendations from similar systems
as shown in Table VI-2, and actual fluid sample re-
ports from the scrvice arm systems;

Consideration of the fluids used in the systems, as
discussed in Chapter III;

Consideration of the components and the configuration
of the actual service arm systems, as discussed in
Chapters ILI and 1IV;

Vendor recommendations and Martin Marietta experience;

Assessment of the component function and the criti-
cality assigned ¢o that function.
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1, NASA and Military Specificationsg

8ix different NASA Specifications and four Military Speecifi~
cations are listed in Table VI-1,

The NASA Specifications arc divided into the following cate~
gorles:

1) Hydraulic -

75M09467 - Fluid, components, and assemblies,
MSFC~160 = Fluid, components, and assemblies;

2) Paeumatic =~

10MO1671 = Components and assemblics,
MSFC-164 - Components and assemblies,
MSFC-234 - Liquid and gascous nitrogen;

3) Fluids, liquid or gas -
K8C~C-~123 - Components and asscemblies.

Cleanliness Specification KSC-C-123 is identical to 10MO1671
cexcept that it has been rewritten to be used for either hydraulic
or pneumatic. applications.

The Military Specifications catcgorics are as follows:

1) Hydraulic -

ORD 10425040 - Components and assemblies,
MIL-H-5606B - Hydraulic oil,
MIL-H-6083C - Hydraulic oil;

2) Pneumatic -

AFBS 61-3C -~ Components and systems.

Considering the hydraulic specifications first, we found that
in general the component specification sheets originally refer=-
enced ORD 10425040, This was, in most cases, later amended
to allow MSFC-166 or KSC-C-123 as an alternate. By referring to
the tables, it can be secen that appreciable differences exist
between these threc specifications; the cleaning vendor thus has
considcrable freedom of choice. Hydraulic fluid from the service
arm system samples is normally checked to 75M09467 or MIL-H-5606B
which contain still different levels from the three specifications
used for component verification.
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The criteria for pneumatics are- leas complex, It was found
that mest component specification sheets originally called for
10M01671 and were later amended to allow K8C-C~123 am an alternate.
However, theae two speeifications arc cssentially identical, One
or two isolated components woere found that referenced MSFC-164;
this—ds a very loosc speeification and-has limited usage.. Nitro-
gen gas 1s procured per MSFC-234, but no evidencd was found of
any specifications used for pncumatic system sampling.— —.

Several components were found for which usage was specified
for cither hydraulic or pncumatic applications; these gencrally
referenced the 10MO1671 specdfication, later amended to allow
KSC~C~123 as an alternative,

All but one of the above specifications (MSEC-166) arc closcd-
ended; that is, zcro pavticles are allowed above a.certain cutoff
size. In our cxpericnce the impesition of such a requirement,
for a system the size and complexity of the service arm systcms
is very restrictive. The service arm fluid samples that wr re-
ceived through NASA substantiate this pesition. In many instances,
the samples casily met the appropriate specification level, except
for one or two particles above the cutoff size. We have found
that this condition is virtually impossible to eliminate. An
open-ended specification such as MSFC-166,.with adequate filtra-
tion techniques, was recommended by many of the vendors whom we
contaected during this program.

In dddition, all of the above specifications except two (MSFC-
164, which has very limited usage,. and 10MO1671/KSC-C-123) are
felt-to impose restrictions that are unnecessarily stringent for
the service arm systems and compenents. Our experience with hy-
draulic systems associlated with Titan ground .suppert equipment,
and numerous surveys on opetational adrcraft reported in the
literature, indicate that much higher contamination levels are
tolerable than present sexvice arm specifications allow.

2. Technical Society Standards

The Society of Automotive Engineers (SAE), the American Socicty
for Testing Materials, (ASTM) and the Aerospace Industries Asso-
clation (AIA) have all been concerned with cleanliness determina-
tions for the past several ycars. The approach has generally
been to establish a particle size/quantity distribution curve by
one of several available mathematicdl methods.. The resulting
curve, when plotted on log-log® coordinates, is essentially a
straight line.
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Differing levels arc established by creating.multiples, such as
any sueccessive level doubling the previous one, The slope of

the 1ine on a log-log” plot will vary depending on which distri-
bution eurve formula was chosen. Several papers were found in
the literature which attempted to prave that one particular curve
fitted the available experimental data bettex. than others; this
appears Lo be a very nebulous concept to prove, The various
soeleties have ereated, revised, and combined several versions,
but threc have been widely circulated and arce constantly found
referenced in the literature and in vendor catalogs. These ave
ARTC-28, NAS-1638, and a combined tentative standard of the SAE,
ASTM, and AIA (unnumbered). All of these arce hydraulic speci-
flecations and ave open-ended with a cutoff level at 100 microns.
Relerence to Table VI-L reveals that none of these standards
agrees with the others, or with any of the Military or NASA spec:-
fications. The NAS~-1638 is, however, the most widely recognized
throughout the industry, and since it contains 14 levels it is
also the most widely applicable. It was our decision then that
in recommending a cleanliness level, we would attempt to use an -..
existing class Lrom NAS-1638 rather than add still another inde-
pendent specification to the collection already in existence.

3.  Industry Specifications

Industry cleanliness specifications are listed in Table VI-2.
Without excepti a, the authors s ated that these levels were
determined from actual test and experience with specific equip-
ment. General Electric utilizes Levels 6 and 8 directly from
NAS-1638. Perusal of this table reveals two generalizations that
can be made: (1) the majority of the specifications arc open-
ended, again substantiating our position, and (2) the majority
of the specifications have cutoff points in the 100 to 300 micron
range. All of these companies use the ARP-598 particle counting
method except Boeing who, for their GSE, relies solely on mass
measurements. Also, all companies use the longest particle di-
mension except North American, who reportedly utilized the
shortest dimension as criteria. While these specifications are
quite diverse, taken together they illustrate an industry trend
toward open-ended specifications with emphasis on the lower micron
ranges, implying reliance on system filtration for removal of the
larger size particles.

VI-5
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4, Opoerations Experience

During the literature search, four field surveys were found
of operational alreraft hydraulic aystems; onn included several
samples from tactical missiles, We have plotted the tabular data
from these surveys on log=-log® coordinates and superimposed the
lovels. from NAS~1638 (see Fig,-VI-1 through VI-4),. Figure VI=5
is a similar plot of hydraulic samples taken by NASA.at varicus
points in-the serviec arm system... It is.re-emphasized. that all
of these plots represent satisfactorily operating hydraulic -gys~
tems, the majority of which contain sensitive servo valves that
arc not present in the scrviece arm system.

As would be cxpected in such a-large sample. population, a
‘arge variation in system cleanliness is evident.. However, the
agreement in slope betwecn NAS-1638 and the Kinnay, Robinson,
and NASA data is quite remarkable,. The Parker data, while evi-
dencing a somewhat different slope, still falls well within the
range of several levels of the NAS-1638 and could readily be con~
trolled to that-criteria.

The correlation. between such a large cross.seetion of opera-
tional data.with NAS-1638 is felt to be another strong argument
in favor of using this document as a ¢leanliness criteria.for
the service arm hydraulic systems, rather. than creating a new
specification. Without.applylang statistical procedures. to this-
data, Level.8 is representative of the field -samples., as well as
an acecptable compromise of the recommendations of both. Kinney
and Wiley (Fig. ML-4) for avoidance of. silting problems. General
Eleetric. (Table VI~2) also utilizes.Level 8 as an acceptavle oper-
ational level for their engine controls.

3. Fluid Considerations

Two aspects of hydraulie fluids _should be noted with respect
to cleanliness level determinations.. First, since MIL~H-6083C
is a relative newcomer to this teechnology, the vast bulk of ex-
perience noted.in the literature is with MIL-H-5606 oil.. Because
of the prescnce of the additive methacrylate as a viscosity im-
prover, MIL-H-5606 hydraulic oil has a proved tendency toward
particle agglomeration; that is, small particles tend to stick to
one another forming, in effect, large particles.- Methaerylate is
identified as the adhesive. It has been shown that vibration
actually aggrevates this phendmenon by increasing the force with
which particles strike each other. If the agglomerates are broken
up by agitation and then subjected to a further inactive period,
they will reform. MIL-H-6083C does not contain methacrylate,
and does not exhibit this phenomenon.
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Second, the corrosion inhibitive properties of MIL-H-6083C
are impovtant to the service arm systems {rom three aspects:
(1) the faect that adequatec measures are not available for pre-
vention of moisture entrance into the HCU, (2) the "iet that
thorough system flushing is not possible due to many dead-ended
lines, and (3) the long inactive periods hetween launches. Forma=
tion of corrvosion products (particulate matter) within the system
duc to these three factors must be consldered as a potential
source of contamination problems, Martin Marictta's cxpericnce
with MIL-H-6083C has bhecn very satisfactory, and literature fLound
on the subject has all been quite favorable,

6. System and Component Configuration

During the first hall of this study, the major cllort involved
detailed studices of the service arm systems and components. Manu=
facturcr's drawings werc obtained for many different components,
and personal discussions were held with several vendors concerning
the operation of their product and its susceptability to contamina-=
tion. The details of these investigations are fully discussed in
Chapters ILI and IV, but certain aspccts relate directly to the
determination of a cleanliness level and are reiterated here.

Table IIL-9 presents a compilation of all orifices, both hy-
draulic and pneumatic, that exist as individual find numbers in
the service arm systems. Diameters are shown both in inches and
in microns... The minimum orifice diamcter encountered was 500
microns, which is not too small for the cleanliness levels recom-
mended for the service arms.

Filtration techniques have been discussed in detail in Chapter
III of this report. The point to be made here is that a cleanli-
ness level determination cannot be made purely on the basis of
orifice diameters or blueprint clearances, but must consider also
that adequate and sufficient filtration techniques are employed.
In general, the service arm systems contain adequate system fil-
tration. The necessity of opening any given system for component
replacement or when taking system fluid samples, plus the prob-
ability of internal contamination generation by certain compo-
nents, demands that filters be included as an integral part of
the system design. The presencce of adequate filtration is also
assumed when open=ended clcanliness specifications are proposed.
Other techniques that should be implemented to ensure maintenance
of any given level of system cleanliness fuclude the use of
blanket pressurization throughout, particularly in the hydraulic
reservoir to prevent moisturc intrusion, and prefiltering fluid
prior to filling or adding fluid to the resecrvoir.

VI-7




VIi=8.

MCR=69+484

During the detailed component investigacion, anly two com~
ponents were found that contalned internal.:cleavances that might
be considered out of the ordinary; both of these are spool-type
solenold-valves, onc from Sterer (75M08841) and the other from
General Controls (75M08839)., Both are used in hydraulic systems.
The Sterer valve only.supplies fludd.-to-the pilot of another.con-
trol valve; thus the {low is insignificant. The General Controls
valve is used only in the manual operation system and does mot
have a fadilure history.. This valve 1s.not a crltieal compencnt.
In spool-type valves, no scals are used.out-the spool;_metal-te-
metal fit-4s relicd on to hold-leakage te an acceptable level, and
as a conscquence the clearances are. quite small. In such a com=
ponent, it 1s contamination in the cxtremely small range (0 to 5
miczons) that should be considered troublesome; the larger par-
ticles simply cannot enter the clearance space., However, for
silting problems. to result from the small particulate, large flows
must be present if the eontaminate i¢ te build up. Neither of
these components is susceptible to these conditiens,. All other
components are compatible to an epen-ended cleanlincss specifica-
tion as long as adequate filtration is present.

7. Vondor Recommendations and Industry Experience

During the component investigation, many vendors were con-
tacted by telephone and several were visited in erder to-discuss
in detail the type of econstructdon of.their product and its mode
of operation. In these discussions, not one single vendor indi=
cated that extraordinary cleanliness procedures were nccessary
for. reliable operation of their compekents. Many were familiaz
with MSEC-SPEC-164 and felt that this was a reasonable require-
ment for pneumatic systems, both from-the standpoint of attain-
ability and of reliable performance. This is one of the most
liberal NASA specifications, but also- the one to which the fewest
réferences are made. Many vendors quote long histories of satis-
faetory performance on aircraft hydraulic systems where no as-
procured cleanliness requirements are imposed. In summary, no
data was obtained by vendor contact which indicated.a need for
presently imposed levels of NASA.cleanliness specifications to
ensure functional adequacy... This conclusion includes the Sterer
and Geretal Controls spogl-type solenoid valves mentiorned earlier.

Martin Marietta has considerable experience with both hydraulic
and pneumatic contamination control.. Flight control systems for
the complete family of Titan vehicles are hydraulic, and include
ground charging and checkout equipment. Martin Marietta-designed
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Titan vehicle launeh stands both at Cape Kennedy and at Vandenberg
AFB contain major hydraulic stand actuation systems as well as
ground pressurization systoms both for ground contrel purposcs

and for vehiecle requirements. The level of our corporate cleanli-
ness gpecifications used for the pneumatiec applications is sim-
1lar in content to MSFC-8PEC-164, and our level for hydraulie
components is muech less stringent than cilther MSFC-PROC-1066 or
10425040 (sce Table VI=1), Using these cleanliness levels we

have attained an eminently successful record throughout the Titan
IT weapon aystem, the Geminil program, and the Titan IIIA, Titan
ITIC, and Titan IIIB scrica of launches for the Alr Forcee,

8. Recommendations for Tesu

Considerations of all the data and other information obtained
during the analysis portion of this program, and a careful weiph=
ing of all other factors discussed herein that we—fcel are pere
tinent to this question, led us to propose the following c¢leanli-
ness levels as recommendations to the test phase of this program:

1)} Hydraulic Tests
NAS-1638, Level 8

Size Range

(microns) 0-5 5-15 | 15-25 | 25+50 | 50100 | Over 100
Quantity per.100 ;
Milliliters of Fluid| No limit] 64,000} 11,400] 2025 360 b4

2) Pneumatic Tests
Particles

Size Range
(microns) 0-300 300-500 | 500~1000 | Over 1000

Quantity per 100
_ Grams of Gas Unlimited®| 10 T2 None

Fibers

Length
(microns) 0-750 750-2000] 2000-6000 | Over 6000

; Quantity per 100
Grams of Gas Unlimited™ 20 2 None

*Potal filterable solids limitation, 0.3 mg/100 grams of gas.
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L4
-~

longest Dimension (micropng) ———

1u S 104 50u 1on,
i [ Ll b bbb by
Hydvaulic Bpecification, NAB 1638, January 1964
“ings 00 Unidmited | 125 22 4 1V None
Class O 250 44 6] A None
Class 1 " go;r 89 1 5 —
Class 2 1000l 178 32 o "
Class 3 000 356 63 e —*
Class 4 sogol . 712 126 i e
Glass § 1425 253 LE K
Class 6 16 850 5 9016 — %
Class 7 32000 57 1012 180/ 32 ——®
Class 8 £4000) 11400 ) 25 ool 64 T %
Glass 9 128000 22800 4050 20128 — ™ -
Glass 10 2560004 45600 00 140l 256 ™ !
Glass 11 512000] 91 1 28800 512 —* ‘
Class 12 ] 1024000).82400 32400 5760] 1026 — % J
Hydvaulie 8pactficution, Tentativa Btandard - T
(BAR, ABTM, AIA) ‘
Claas 0 27 670 9 _ 1 -
Class 1 4600 210 '; y = i
Claes 2 *-5 " 9700 6 3 56l 5 —
Glaas 3 5 S 24000]  6360] 780 ugn e
Class 4 -3 E 32000] 10700 1530 7L K
Class § - 870001 21400 3130 4ilay T
Glass 6 126000/ 42 00 6500 1000] 42—
. Class 7 thru 10 1 Ponding —f——— B o
Hydraultc poci fSeation, ARTC-28, Dacembar 1964 T
Clasa 1 Unlimited 28D 220 q Hone +2 Fibors
Claas 2 T80 530 50 191 =% 43 Pibors
Class 3 __TBD 1530 150 191 % 4 Fiboys
Class 4 T8 3330 420] 403 "% %7 Plbows
Class S . TBD 1650 320 2 None -+ Pibors
Hydraulic Specification, 73M09467, 7 Novombor 1965 -
Fluid - GSE Uniimited T30 710 " ( Yono
Pluid Level I 5360 7 110, 11l None
Fluid Lovel XX 23680] 3640 559 52| Nona
Fluid Level IIL - 42000 6500 100 32 Nowe
Components 1340 210 ) None
i Asscmblies . 2150 330 « ] 10[ None
Hydraulic 8pecification, MSFC-PROC-166, 13 March
1967
Flusd Unlimited 1340 210 243 T
Componants 600/ - 100 2 T
Assemblies [} 2150 s30]- 60f 10 T
Hydtaulic Spécification,.ORD-10425041, 25 Aprit
T 1960
Subassembly Untimitad 10 4 None
Assambly and System v 530 60f None +10 Fibers
Pneumatic Spucification, 10M01671, 28 April 1964
Particles R
Lavel % Unlimited o] | None
Lavel II s0] 10] 3| Y .
Level IIt 40| 10] 3l zl
Level IV 40'
Level V
Level VI y. I
Fibers
Level I Unlinited 10} None
Level 11
Level mmLOLD-QLLT—fB—AMg 10'
Level IV
Level V
B Level VI ) |
f Poaumdtlc mud Mydraulic Bpoeiflostion, KBO-0-133,
14.March 1968
Particlos
Level X Untimited wl . )| 1} None
Level 11 sof 10 1 2l wone
Level 111 40f 10 3] . ‘7—
Level IV 40[
Level V
Level VI [
Fibers J
Level I Unlimited 16 Nohe
Lovol 11

il




Tabla VI-1 Claanliness Bpecitications

h

MCR-~60-484

[ 1

2000, 4000, 6000,,

Sample

50| 32
0] 64
o128 — >
ol 256 ™
) 512 —*
Wl 1024 —

III‘LJII

} 100 m]

None
1
1
3
‘t None

i

+2 Fibors
+3 Pibors
14 Fiboro
41 Fibors
¥ Pibory

-

cTog
0 None

None
22| None

92| None

Y Nono

None

Jit
1

Y 00 m

I

100 m)

SO

) :}100 ml Y

100 ml
£t' Ares
100 m)

+10 Fibers

100 ml V
100 wml W

10]

44“ None
|

3

Rone

A

3] 2]

£t Ared

ho |

1d

None

3]

2]

None

Aiﬁ] Nota

UL, FRAME

1] None

10

LS

None

N/A

10

Noro

1 { Nop-

igi_[None
2k

-

None

N/A

£t Areo

o]

—

None
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MCR-60-484 m:m ”G' BMN-K Mi _ Vi-11 and VI-12

aag,, .
| llOOONI BEEEEE ,2 | l | I“Toulmoo"l | Rample fize Total Filterable 8olids (Max) Application
| ;‘ ? W |
' Class 100-0,02 mg/100 ml
| | Class 101+0,05 mg/100 m)
i Class 102-0,30 mg/100 m}
. Class 103#0,30 mg/)00 ml
! 04-0, 50 0
! Clase 104-0,30 mr/100 ml Hydraulic Fluid Bffluent from Pares,
I Class 105-0,70 wg/100 mi Assemblics, Lines and Fittings
! | ) 100 ml Vel Class 106+1,0 ma/100 ml
, ' Class 107~2,0 mg/100 mi
? : Class 108+4,0 mg/100 ml
: (No Gorralation with Particulate)
|
i
Glass 0 « Rarely Attained |
/A Olass | = MIL=H=5606B 041
Glass 2 » Qood Misslle Bystem
> 100 mi Vol Olass 3 - Oritical fyastem, in General
Class & » Qritical Byatem, in Genaral
! Glase 5 « Poor Migsile fystom
Glass O » Fluid as Receivod
Glaar 7 = Industrial fervice
-
Cland 1 = Ground ‘Teat Unice
Glans 110,01 wy/100 ) Glass 2 = farvo and Pavoy Bystems
? 100 ml Vol Clasw u'u‘f mH/100 Glagn 3 = Aovaspace Ground Equipment
Clans ‘f'"'” WA /100 m! Clase & = Aevospace Ground Fqudpment
Glass 14+1.0 wa/100 wl Glasn 5 » Rot'inevy Bupplied Pluid
N/A
Qomponants, Assemblies, and Pluids
100 ml Vol Loval T = 8ervo Valves
Lovel IT » Actuwtors and Cylinders
; Lovel IXT - Accumulators and Raservoirs
R _N/A . - — ]
1 N/A
:09 :1 Vo 1 Components, Assemblics and Fluid
t" Arca
100 m1 Vo) N/A
I 100 wl Vol NA Bystems, Assemblics and Subasscmblies
100 ml Vol N/A
i
; 1.0 mg/ge?
‘ 1.0 wg/ee?
| £t° Avca 1,0 mg/Et” ~
2.0 mg/ft" FOLDOL'T, ERAME
1 | None 2.0 mg/£t¥ -
ld JI 2[ 1 | Nono 3.0 mg/£t® Parts, Assemblies, Systems and Subsystems
N/A N/A
1 | Hone
10 1 | None
10 1§ Nono N/A N/A T
1.0 mg/£e”
1.0 mg/ft"'
i £t Area 1.0 mg/fe®
— 2,0 mg/ft”
: L |None 5 2.0 mg/£t¥ Parts, Assemblics, Systeme and Suhsystens
ldqj 3} 2] 1§ None 3.0 mg/Ee”
— I A '




1 4 T T 2 [or0) hadi’) — 10
Class 1 i o — o - ~

. i T & o 210 FL:
Clase 2 ...§ — 06 . 9700 _.2680 80 56| 5 T
Clase 3 e L 2s000] s3s] 1) g T
Class 4 E ‘ 32000] 10700 1510 g —
Clase 3 sro00)  a1400] ya0] 430 4 ——w
Class & ‘ 128000] 42000 6500] P T ——

| Class 7 thru 10 *—-— 3 ——Panding. : -

Hydraulic Specification, ARTC-28, Docember 1964 )

Class ) Unl%niitad TQD _ 'V 220f , 20 T i 4 None +2 Fibors
Class 2 : 1 __mn 530) 80] 1) % 43 Piber.
Class 3 8D 1530 150 11 T 44 Pipers

Glass 4 . D 5530] 420 Y ER e Fibars
Class 5 X i C N

— TRD 1650 320 25 None +1 FPibars
Hydraulic Specification, 75M09467, 7 Novembar 1965 " - il i i )
Fluid - ssnls 7 . Unlim.ted B YY) 210 ' 24 Hbers} ol wane
Fluid Level I 53601 7 110 11l None
Fluid Level 11 23680 , 364 569 5 None
Fluid Lavel III B .

42000 6500 1000 8% None
Compenents . , 1340 - " 3 None
Assemvliea _ ,." 2150 530 60 10] _ Nore
Hydvaulic Bpecification, MSFC-FROG-166, 15 March " e

1967

Flutd Unlinited 1340 210 243 —»
Companants o o j

e 600 100 16
Aaaemblies [ atsol 30 el 10 —w
Hydraulic Spaeification, ORD~10425041, 25 April T

1660

Bubassembly " Unlimited

Assembly and Byatem *

Preumacic Bpactfication, 10MOVGT7Y, 28 April 1964 i
Pariielas

Leval I Unlimited : ’IéI. 3' ) Nono

Level 11 10| 3 2l {l
Level 313 | a0 10 3| g]
Level IV i z.ol

Level V

Level VI \
f1bera

Lavel I Unlimicad 10] Nong
Lovel I e B ;
tovat 1z GLDOUT *’RAME: - | 10]
Lavel 1V i
Lavel V
Loval VI [ |
| Troumatic “and Hydraulic Bpocificatioh . KSCaGATZT, .
14 March 1968
Particles
Lovel 3 Unlindted a0l | None
Loval 11 40l 10] ] 2] L sone
Lavel 1X% A | 40] 10 3
Level IV
Lovel V
tLoval VI . [N I
Pibeds )
Lavel T Unlimited 10]
Level II A
" Level I} ]

|
4

10 V None |
330 60| None +10 Pibors
————————

-

2

a0

None

Level IV
Lavel V
Lavel VI \ ) - I
| Proumatic and Hydraulic Specification, EPS90403,

? Martin Marietts
Lovel A {Airbotne Hydraulice) A Yalimited |
Leval C Particles (Sround #neumatics)
Level C Pibers (Ground Pneumatics) | A
- Baoumatic, MSFC-8PEC-164, 27 July 1964
Components ) - Unlimitod
Assomblies ] [] . }
" Pnoumetic, AFBS Exhibit 61-3C, § March 1962 .
Components Particles {nlimited
Componefits ¥lbars A
Systems Particles

230, 10 -

Systems Fibers Y
; Ritrogen, MSFC-8PEC-234, 21 Septomber 1964 [ T
Type I Gasecous 12ulPiltrdtion Between Manufacturing Plant and 8hipping Container None
Type I Liquid _ 40u |Piltration Between Manufacturing Plant and Shtggmg‘ Cdiitainer Hone
MEL-H-56068, 26 June 1963 Unlimited 2s00]. 1000l 250 29 None
MIL-H-6083C, 11 September 1967 Unlimited 2500 1600 250 s ——
rOLDO!“ : . .;'u\”:-




- el e B o "‘H
-~ .
v ) 100 wl Vol
L
—
b 4
. e o p
T N
+2 Fibera
+3 Fibays
+4 Fibers 100 ml Vol
+7 Fibers
+1 Pibers
None
11l Nene
521  None 139 1l Vol
9 None
31 None
10] None
. 100 ml Vol
— £t% Avea
— 100 ml Vol
100 ml Vol
+10 Pitera 100 ml Vol
ﬂ None £t Area
10' 3] 2]' 1{ None
40| 19] 3], 2] 1 | None
] m[ 1d 3]’ 2] 1 | None
LULDOUT. FRAME ”
10 I l—l None
1 1] wone
10 1} None
io | 1 | Nove
l 10 1 | None N/A
1] None
2| TINone £02 A
4o} 10] 3l 2] 1 | None ¢ Area
4 ] 3] 2] 1 ]None
. i o | 19 3] 2] 1 | None
N/A
10] 1] None
19 1| Hone
10 1 | None )
10 1 | None
I 10 1 | None N/A
o 100 ml Vol
—— 10 2 | None ft* Area
‘ | 20 2| None £t" Area
S £t2 Ar
o - X 1] None ca
= 5 N 1] None £t° Area
J 15 |Nory £t° Area
None £t* Area
N/A
B None N/A
100 Liczers
as Required
———
100 ml Vol
i i 100 nl Vol
FETROn e




- — R O S T—— T e
I N/A GClass 1 ~ MIL-H~5606B 01}
i 3 Class 2 - Good Missile System
100 mi Vol Class 3 - Gritical Bystem, in General
Class 4 ~ Critical System, in General
Class 5 -~ Poor Missile System
Class 6 ~ Pluid as Received
Class 7 - tndustyial Borvice
. e o N/ R
| h
Class 1 - Ground Teat Units
Class 11°0,1 mg/100 m) Class 2 - Bervo and Power Systoms
} 100 m} Vol Clase 12:0.3 mg/100 m) Clase 3 - Acrospace Ground Equipmont
Class 13-0,5 mg/100 ml Class 4 - Aerospace Ground Equipment
) Class 14-1,0 mg/100 ml Class 5 - Refinary Supplied Pluid
N/A
Components, Assemblies, and Fluids
100 m Vol Level I - Bervo Valves
Level II - Actuators and Cylinders
i Level IIT - Accumulators and Reservoirs
N/A
100 ml Vol N/A
¢ Components, Assemblies and Fluid
£t* Area &
100 ml Vol N/A
100 ml Vol N/A fyatema, Aasemblies and Bubnssemblics
100 wml Vol N/A
1.0 wg/t"
1.0 mg/fe’
£ Arvoa 1.0 mg/rt’ FOLPOU ,
2,0 mg/fe’ T: ERAM,EJ
1 | None 2.0 mg/fe”
i 3 2] 1 § None 3.0 mg/fe’ Parts, Assomblics, Systems and Subsystems
N/A N/A
1 | None
10 i 1 | None
10 1 | Nono N/A N/A o
1.0 mg/£t?
1.0 mg/£t?
€62 Axes 1.0 mg/€t?
2.0 mg/ft? T
. L | None . : - . B 2.0-mg/£t? Parts, Assemblies, Systems and Subsystems
i .. af 2| 1 | None ' 3,0 mg/£t?
N/A N/A
: 1 | None
: 10 1 | None
10 Nonée N/A ' N/A
’ |
— ' 100 m1 Vol 2,0 mg/100 ml Effluent Fluid and Blowdown Gas
2 | None £ft% Area 2,0..mg/ £t 2
: 20 2| None £t° Area 2,0 mg/ft”
L 1] None £t2 Area 1.0 mg/fe? Components and Assemblies
A None £¢7 Area 1,0 mg/£t?
£t7 Area 2.0 ng/fe?
None £t" Area 2.0 mg/fe” Components and Bystems
R/A N/A
Hone N/A "N/A
100 Liters N/A Liquid and Gaseous Nitrogen
as Required N/A
—
1
; 100 nl Vot Hydraulic Flutd
i i 100 m1 Vol
Mo
»




| ]
lu Su 10p i
F-111 Aireraft Flight Control ! N D o
Bervo Actuator (Appendix C,_Ttems 42 and 43) | Operational Level Unlimited 20?&)0 4,000
Ganeval Electric, Engine Unlimited 16,000 12,850
Hydraulie Control System fSystem Cleaned to ﬁnumited 64,600 11,400
(Appendix C, Item 19) Operational Level '
Titan II Hydraulic Operational lLevel Particles Unlimited |
Platform 8ystems Fibers dnlimu:ed
(Appendix C, Item 5)
North American Level 1 Unlimited
(Apollo) Leval 2 Unlimited
Hydraulic Systems Level 3 Unlimited
Lavel 4 !inlimitod
Fibers Unlimited
Three Unidentified Airframe Manufacturer A Unlimited 16,000{4,800|
Munufacturers. Manufacturer B Unlimited 10,000 | 4,000
Hydvaulic 011 Requirements - Manufacturer C Unlimited 2,500(1,500
(Appendix C, Item 35) '
Suzvey of 143 Navy Planes Hydxaulic Systems Unkimitaed 87,000] 21,400
(Appendix C, Item 38) Recommended Level E
Contamination in Aircraft Hydraulic Systems, Maximum Sampled _ Untimited - 101,300] 47,150
Wright Patterxeon AFB (Appandix C, Item 33)
(A, endix G, Item 33)
North American Nitrogen Specification in_imj.ﬁed 100]
Convair Hydraulic Specification Unlimited 9,000
¢Appendix C, Item 45) :
Systems Cotpany
Hydrgulic Specifications GSE Boeing No Pdrticula.:e Requirement; -Weight, 0.3 mg
for Servo Systems New 011 Hughes AV@YGB‘ of 4 La,rgest P&rticles 5ou, None >li
A1l North American Unlimited |2,375| ]
Missile MartineMarietta I{qlimited 4,500
All ABMA Unlimited 2,150
A1 SAE Unlimited 50,000 po,000
GSE Lockheed Unlimited 3,500 |1, 250
All Westinghouse I?nlimited 5,000 | None
(Appendix C, Item 29) Missile Fluid BuWeps Unlimited B 10,000 |4,000]
Plight Control Lockheed Unlimited 10,000 2,500}
Missiles Boeing No Particulate Requttement - Weight, 0.5 mg

FOLDOUT FRAME
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~ MCR =69 =484 Table VI-2 Induaty
fbes
10u 50u 1004 200u 501
4 L | | ) 13 LR e L h | 1 ¥ ' T I 1 ¥ T ¥ ' LA A St | L) I ) T 1 T L 1 ) ¥ 1 s AL
20, 000(4,000 1,000 55 1
:16,000 [ 2,850 506 90] 16 e
“64,000 1,40 2,025 360] 64 -
| 1,080 250 70 4
100]. 10| None
100 10| None
r 5 1|None
I Particles 4 Fibers
,000] 4 ,800] 1,200| 240} 16] 4 ——n
10,000 | 4,000 1,000 100 503 ——m
2,500(1,500 150 20]5 m—
1000] 21,400 3,130 430[41 ———m
,300] 47,150 2,380 8,34003,500 ~——enm
~700] 10 5 1| None
9,000 900 90 9] Jone + 1 Fiber
?
- Weight, 0.3 mg/100 mlo...{
les 504, None >150u A ‘
2,875] 1,375 350 100 | None (Rated by Smallest Dimension)
4,500 700 450 49— + 20 Fibers )
2,150] 530 60] None + 10 Fibers
0,000 _po,009 5,000 _ 500|250 ———a
5,000 [None A
10,000 f2,500] 500 50[10 ——
'« Weight, 0.5 mg/100 ml
FOL
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MCR=69 =484 Table VI-2 Industyy Experience and Bpecification VI-13 and VI~14
200p 500u 1000p 2000p
T 11 L A I DR Rt R Menttey Mt Hiaand Hustiey s s dmens LANRLEDL A 20t O M R EA I R | T L R I
11| Particles + Fihers 5 | None
70 20 3| None
25 5

IOINono

| 5

i]None

Particles + Fibers

6] None

i]None

16'4 —

503 ~——

1| None

0

None 4+ 1 Fiber

(Rated by S

Ibers

mallest Dimension)

50]3 ——n

FOLDOUT R AW

[

None




n, Particle Count (log)

MCR~69-484
Range
5 15 25. 50 100 200
' : — :
v v ] § ' __y 2o ]
- 7 T
+ 1 | i
- i !
. ol |
1,000,800 ——7 “' T ’
- al _ { l
f— Notg: Referanse- Appondix €,. Ltems 27
a (Kinnay)- and 45 (Wilaey).
100,000 [—
10, 000: —
— | Level 8
NAS~1638
1,000 )
: N
| N
\\ ’
160 [— -
10— L
— O Wiley-Recommended Level
N O Rinney-Recommended Lavel
1—
A l
— 10 20 30 40 50 60 80 100 20 40 60 80 200 300

x, Particle 8ize, Microns ¢log®)

Figure VI-1 Particle Count Analysis (31 operational aivcraft and missiles)
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Vi-lé6 MCR~69-484
Range
5 15 25 50 100 200
<10/ Ll . ‘ Pao
L
'] I {
1,000,000 |— i s
— o Noker Referenes Appendix C, Item 26
¢ . (Kinney, Part 7). .
100,000 |— . # -
— 4\ °
~ 10,000 hd
& — §
- - .
o
g — R .
8 NG ..
(3] W
g C \r
& N [
" [ ® }
d 4
100
— A / R
- Lavel 8 ¥
NA5°163§
10
1
1 5 10 20 30 40 50 60 80 100 20 40 60 80 200

%, Particle Stze, Mierons ¢log2)

Figure VI-2 Particle Gount Analysis (11 AF aircrdft)
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MCR~69 484
Rango-—-- 5 15 25 50 100 200
v lv ¥ v >100
1, 00, 000 —_
: L Nokg: Roforonce Appendix C, Item 38
(Robinson) ..
100, 000}
- Laval 8
NAS~1638
. /
5 10,000}~ . /
- [)
Pl ﬂ\/ . '
8
L 1,000- TN 2
3 - \
3 >
g R
© e
& N
G -\\
= .y
® [rm
10/
o
1} -~ .
B —T, 20 30 40 50 60 80 100 20 40 60 80 200 300

X, Particle Size, Microns (log?)

Flgure VI3 Particle Count Analysis (143 naval aircraft)
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Vi-18 MCR-69-484
Ranga 7 15 25 50 100 200
l Iy l >100
1,000,000 | - .
: Nota: Roforvenco Appendix €, Item 33
(Parker),
100,000 - \1
N !,‘ o

B \ ’
= - \_I_ s
~ d ‘

w 10,000 g h\

g - N 3
8 B ° \ t § |

] ® \\
3 - * = 3

pad [ J 8 ®
E 1.000 = \

. C s > s

g R \_‘0.

d N
B Lavel 8 | . \ i
100 NAS~1638 \ .
- ~~td
19 _
1
1 5 10 20 30 40 50 60 80 100 20 40 60 80 200

X, Particle 8ize, Microns (log?)

Figure VI-4 Particle Count Analysis (17 AP aircraft)
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50 100 2(’:‘0

l % 10 150

1,000,000 |— |

X [ o
!
B i : lofe! NASA sample data,]
o
100,000 p—— o N\B{. — .. O
S N
[~ ‘ \‘ ! .' iR I I
-~ - ) 1
8 el +i ¢ |
\: 10'000 H @i - N ... .,;kawmf —
g E | e e b |
8 - ) ¢ Lovel 8
p | e e \;\ I | AS- 1638
o - . :
3 : P) : /
"t H
- 1,000 — \‘ LJ
& - w N /
n* = “ \+ | +
» .. [
- e !
100
- 2 1 ;
™ [ ] ~ l 3 .
> |
[ ]
- “
10 & .
L »
: - °
' - .
3
| 1 -
j -
1 5 10 20 30 40.50 60 80 100 20 4060 80 200 300

%, Particle Size, Microns.{log?)

Figure VI~5 Particls Count Analysis
(Service Arm Hydraulie Systems)
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VIL, ESTARLISHMENT OF CONTAMINANT CLASSES

Chapter..VI deserihes the methodology used in arviving at.the
contamination level to be used in thé contamination. tedta, This
¢hapter deserihes the eongtituents and. quantity of each,. used to
make up- the contamination-that was injected into the test elreuits,

The follewirg types of-contaminant wera used to-make up the
contamination in both the hydraulic and pneumatic¢ testar
1) A,_C. "course" voad dust;
2) Red iren. oxide particlos;
3) Toflon particles;
4) Cotton lintner fibors,

A photograph of each -contaminant is shown in-Figures VIIel through
Vila4,

The A, C, road dust (Fig, VII-1). is a gomposite of screened

and graded dust particles » primarily quartz, . It ig natural road
dust from Arizona._ The bacic cemposition in each size range isy

Particle Size gmi,o.rona}- Petcent by Wedght

G to- 5 12+ 2
5 to- Lo 12+ 3
10- to 20 4% ¢+ 3
20 to 40 23 ¢ 3
40 to 80 30+ 3
80 to 200 .. 9+ 3

The road dust was used because it represents a hard erystalline...
particle of an -irregular. shape similar to. wind. blown atmospheric
contamination normally found in. £luid systems at. Cape Kennedy,

It is also comparative to lapping compounds, £ilter test media,

and other contaminants found in hydraulic and ppeumatic 8ystems, -
The hatdness of these dust particles will also simulate metal
particles,




VII-2

Figure VII-1 A.C,

MCR~69 ~484

"Coarse'" Road Dust - 870X
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Figure VII-2 Red Iron Oxide Particles - 350X
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-

‘ Figure VII-3 Teflon Particles - 140X
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c69 b8l

MCR

Figure VII-4 Cotton Lintner Fibers - 140X
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The red iron oxide particles (Fig, VII-2) are uniform spheres
approximately 5 microns in diameter, These small spheres wexe
used to evaluate the effects of silting, stiction, and wear caused
by small particles, The hardness of these particles is also
similar.to-metal,

The teflon particles (Eig, VII-3) are a composite of irregular

shaped. particles ranging in size from—30 to 1000 microus,.. The
teflon. représents particles that are -internally genervated from the
many plastic.and-teflon parts used _in the service arm systems as
lubricants (base. derivative), se:tls, seats, hose liners, and
sealant tape

The cotton lintner. fibers (Fig, VIL-4) range in size from 50
to 4000 microns and were used to simulate a soft fiber commonly
found in atmospheric contamination,

In order to accurately establish the number of particles in. ..
each size range for the total contaminant to be used. in the
tests, it was necessary to ascertain the number of particles for
each.constituent das a function of weight, With the exception of..
the iron oxide, none of the suppliers of contaminant were able
to supply this information, The number of particles.per given
weight was required in order to establish particle counts and
total weight of contaminant per 100 ml of oil or 100 grams of
gas. Weight conversions were also required because of the large
anounits of contaminationvinjécted-in each test; tHus a manual
microscopic count.would be an- extremely lengthy procedure and
would not be as accurate,

Automatic particle counters were used to determine particle
count for a given weight, The HIAC automatic particle counter
was used initially but did not prove to be adaptable to our tests;
the ROYCO automatic particle counter was adaptable, The ROYCO
counter. is based. upon the principle of light refraction, and like
most counters it integrates the area.cf each particle and cate-
gorizes it as a.round sphere in each respectivs size range,. In
manual microscopic techniques, the paxticle is sized by its
longest dimension; thus some differences exist in the criteria
baseline between manual and automatic techniques,

The initial procedure used was to weigh a sample of the con-
stituent, place this sample in 100 ml of prefiltered Freon (car-
rier fluid), and then introduce the contaminant to the counter,
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The initial tests, using the above procedure, produced an
unacceptable amount of scatter in data, As a result the tests
were inconclusive, The majority of the problems were due to
vperational techniques, Samples welghing 1,5 mg were first used
but it was found that the particles were conglomerating, Smaller
samples (0,048 to 0,3 mg) produced large errors in weighing in-
accuracies which magnify themselves in texrms of particle counts,
A highly accurate electronic welghing device was used to weigh
the samples. This device can differentiate to 1 x 105 grams
but even this order of accuracy was not sufficient, Dilutions
were tried, but the dilutions did not prove to be representative
of the total mix prior to dilution, Other- problems were ex-
perienced in particle settling, traps, etc,

The final series of tests was conducted using gravity flow
through the top of the ROYCO counter, The flow configuration to
the inlet of the counter was designed to eliminate traps and
settling points, and to prevent.air bubbles from entering the
counter during the initial flow process, Automatic counters,
which operate on a light principle, will readily interpret air
bubbles as particles and will count them as such, An ultrasonic
bath was used to prevent conglomeration of the particles. It
was also necessary to use large quantities of flush fluid
\“iltered Freon) to completely wash all of the particles from the
test beaker and through the tubing to the counter., The above
techniques provided highly repeatable data from sample to sample,
Figure VII-5 shows the particle count for 1.0 mg of AC, "coarse"
road dust and Figure VII-6 shows the composition of the 0X60
teflon,

Table VII-1 shows the composition of the contamination level
used in the contamination tests. The pneumatic and hydraulic
contamination levels that are being used in the contamination
tests are approximately 30% higher than those recommended for the
service arm systems. Increased levels of contamination were used
in the contamination tests to ensure a margin of conservatism,
The comrcsite level includes large amounts of hard abrasive con-
taminan .s, System contamination, as observed in the field, will
not include such large amounts of these particles, The whole
intent was to over-test the components to ensure a margin of
reliability,

VIL~7
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Table VII-l Contamination Test Lavels

8ize--Rango .
6 « 104 'Lk ~ 25| 26 « 504 51 - koo, 100 +
0X68 Teflon 3
0,24 mg/100 grams gas 2670 1130- 300- 70 13
AL, "Coarse" Road- Dust :
0,96 mg/L00 gramg gas 1940-. | 1030 170 20 1
Red..Iton Oxide '
<0,1 mgtl00 grams..gas 3760 0 0 0 0
Cotton Lintner. Fibers
<6,1 mg/l00 grams gas - - -~ -- (4000u maximum)
Total Particle Count
0,30 mg/100 grams gas 8310 2166 470 90 14 + fibers
Pneumatic Contamination Test. Level
Size Range
6 - 10u |11 - 25, ] 26 ~-50u] 51 - 100 100 +
0X60 Teflon
2,0 mg/l00 ml oil... 22,200 | 9,400 2,500 564 108
A.C, 'Coarse'Read.Dust.
0.2 mg/100 ml oil 6,460 | 3,420 565- 67 3
Red Iron: Oxide
<0,0! mg/l0G ml-oil.. 3,710 [0} o 0 0
Cotton. Lintner. Fibers ..
<0.1 mg/l00- ml oil. - - - - (4000 maximum)
Total Particle Count
2.2 mg/l00 ml oil— - 32,370 {12,820 3,065. 63L. 111 + fibers

Hydraulic Contamination Tast Level
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Figure VII-7 shows the composite level of contamination uged
in the hydraulic tests, The cleanliness level (Level 8 of NAS1638)
tentatively recommended for the hydraulic systems 1a superimposed
upon the test level, Figurc VII-8 shows the contaminarion Level
used In the pneumatic tests, Bolh of these cleanliness levels arve
considerably less stringent than the levels presently specified
for the service arm systems,

VII-11
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VIII. CONTAMINATION TEST PROGRAM

The objective of the study was to evaluate the cleanliness re-
quirements for the pneumatic and hydraulic components in the ser-
vice arm systems at Complex 39 in an cffort to relax the cleanli-
ness levels, and their associated high cost, while maintaining
service arm reljability. A test program was included to confirm
the functional performance of components subjected to the final
cleanliness levels to be recommended.

Tests were performed on pneumatic and hydraulic components
arranged in & system typical of the service arm applications.
Each component in both the pneumatic and hydraulic systems was
subjected to 1500 operational cycles, a number selected after con-
sideracion of all of the scheduled tests, launches, and anticipated
checkout on the service arms for the duration of the Apollo pro-
gram. The 1500 operational cycles are four times the maximum cy-
cles expected on the serwice-arm systems.

A. TEST CRITERIA

The test criteria were established prior to procurement of
components and the subsequent test effort. The criteria, which

formed the basis for the contamination tests, are quoted in the
following paragraphs.

1. Component Procurement

Test specimens will be procured to the vendor part number
which corresponds to the similar NASA service arm specification.
[ The test specimens will be procured commercial clean.

2. Receiving and Inspection

Components shall be inspected for general conformance. The
components shall also be visually inspected, with magnification,
for contamination. The valve shall not be disassembled to per-
form this inspection. The contamination observed shall be rc-
corded.
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The internal flow path of the hydraulic components will be.
flushed with clean hydraulic oil and sampled to determine the
contamination level of the valve as procured. The component will
not be cleaned in the flush mode unless the component exhibits
extreme contamination.

3. Functional Tect

A bench functional test will be performed on each component
to ensure its integrity and also to establish baseline functional
performance for comparison during the contamination test. Per-
formance criteria shall be recorded prior to and during testing.
Fluids used in the functional test shall be filtered prior to the
test specimen.

4. System Cleanliness

The test system.shall.be cleaned to test.level "A" (Table
VIII-1) or better, prior to installing the test specimens.. Care
shall be taken to minimize exterior contamination when installing
the test specimens. The effluent count of the flush fluid shall
be recorded.

5. System Functional

A functional check of the system shall be performed subsequent
to the test specimen installation to ensure proper system opera-
tion prior to conducting the 1500 cycle test. The fluids used
during tke system functional check shall be clean filtered fluids,
The hydraulic loop shall be crained after the functional check.
Photographs of the system shall be taken.

6. Test Fluid

Hydraulic Test - The test fluid shall be MIL-H-5606 hydraulic
oil prefiltered to 3 microns. After filtration, a quantity of oil
equal to the volume of the system shall be prepared. Contamina-
tion shall be mixed into the oil to ensure a homogeneous mixture.
Precaution: shall be taken to prevent further contamination of the
oil by exterior contamination.
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Table VIII-1 Cleanliness Levels
Level A - System Cleanliness

Particles

Size (microns) 0-300 301-500 501-1009 Over 1000

Quantity per ft°
of significant
surface area Unlimited* 10 2 0

Fibers

Length (microns) | 0-750 x 25 |[751-2000 x 25 {2001 -6000 x 40 | Over 6000

Quantity per ft2
of significant
surface area Unlimited* 20 2 0

*Total Filterable Solids Limitation, 0.25 mg/ft2

Level B - System Fluid Contamination

. Size Range
Contaminant Type 6 - 10u [ 11 - 25u( 26 - 504 51 - 1o0. 100 +
0X60 Teflon
0.24 mg/100 grams gas 267¢ 1130 300 70 13
A.C, "Coarse" Road Dust
0,06 mg/100 grams gas 1940 1030 170 20 1
Red Iron Oxide
<0.1 mg/100 grams gas 3700 0 0 0 1]
Cotton Lintner Fibers
<0.1Amg/100 grams gas -- _ -- - - 4000y maximum
Total Particle Count
0,30 mg/100 grams gas 3310 2160 470 90 14 + fibers

*Total Filterable Solids Limitation, 0.3 mg/100 grams of gas
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7. Criteria for Success

The test system shall be cycled for 1500 cycles. At inter-
vals of 300 cycles the leakage of each component shall be veri-
fied. Component leakage and regulator set pressure shall be the -
primary criteria for determining component failure.. Pressure
levels and component response shall alsc be monitored for indica-
tion of component failure. After the completion of the test each
component shall.be subjected to a functional test and the data
recorded.

8. Component Failure

If a component shall fail prior to the end of the test,. the
program manager shall be notified and he shall make one of three
determinations:. (1) repair the valve, (2) continue the test
without repairing the valve, or (3) discontinue the test. The
main objective will be to continue the test, if possible.

9. Failure Analysis

At the conclusion of the test, and prior to repairing any in-
ternal component parts, each component shall be disassembled.
Contamination shall be noted and recorded. Photographs shall be
taken to note contamination, valve failure, or general condition
of the component. A failure analysis shall.be conducted if the
valve failure was due to contamination.

B. PNEUMATIC CONTAMINATION TESTS

The pneumatic testing effort was started on 10 March 1969 and
was completed on 4 June 1969. All testing was performed at the
Martin Marietta Cold Flow Laboratory at Denver, Colorado.

The functional characteristics of eight components determined
to be critical to control arm operation were established by func-
tional test. The specimens were then assembled into an Jperational
system, and operated 1500 cycles using deliberately contaminated
nitrogen gas. The functional tests were repeated to establish
any functional degradation, and the specimens were disassembled
for inspection.
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All. specimens operated properly throughout the testing, with
the exception of specimen-l, Marotta Regulator.227464-J11. This

regulator was found to be extremely sensitive to contamination and

failed as a result of poppet seat erosiom..- This-regulater has a
history of nine failures on the service arm systems.

Disassembly of the specimens showed a major.amount of con-
taminant .present and-little component degradation.

VILI-5

1. Objectives

The.objectives of the pneumatic contamination.tests were to:

L

2)

3)

4)

5)

Test selected control arm.components in a typical
flow system. Component selection was based upon.
susceptibility to contamination combined.with posses-
sion of a critical function in. the. control arm system;

Demonstrate the reliability of the components at.an
increased. level.of contamination by subjecting them
to 1500 operational cycles;

Perform functional .tests on each test. component before
and after the 1500 operational cycles, in.order to
determine component degradation;

Maintain cleanliness—of the test.fluid at a prescribed
level;

Disassemble and inspect the components_-following the

test, to determine the effect of test fluid contamira -

tion.

2. Test Specimens

Test specimens weve procured to the vendor part number which
corresponds to the sidilar NASA service arm specification. The

NASA Equivalent
Specimen | Manufacturer | Part Number Part Number Name

-l Marotta 227464-J11 75M08829 Regulator

2 Marotta 22815402 75M08824-1 2-way solenoid valve
3 Marotta 806098 75M09285-1 3.way solenoid valve
4 Marotta 806098 75Mu9285-1 3-way solenoid valve
5 Pathon QU4X38U191/2ABR 75M09014 Pneumatic cylinder
A Marotta 230904-12 75M08831-1 Regulator

7 Marotta 806097~-1 75M08823 -1 2-way solenoid valve
8 Marotta 225884-02 75M08825-~1 3-way solenoid valve
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3. Test Equipment

a, Instrumentation

The recorded instrumentation functions and the gages used
in-the pneumatic tests are specified on the schematics given in
Figures VIII-l through VIII-5. A Consolidated Electrodynamics
Corporation Type 5-124 recorder was used for all recorded data,
Accuracy of all readouts was #2% full scale.

b._Test Fixture

The test fixture schematics used for functional and sys-
tem testing are included as Figures VIII-1 through VIII-S5, Each
test installation was cleaned to the level shown in Level A in
Table VILI-1.. The cleanliness was verified by a nitrogen flush
at a higher flowrate than anticipated during test fixture opera-
tion. FPhotographs of the system test installation and control
panel appear as Figures VIII-6 and VIIl-7, respectively.

c. Contaminant Injector

During system test operation, a known contaminant was in-
jected into the system periodically... The device used for adding
the contaminant to the flow stream consisted of an AN-827-6 cross,
oriented as shown in Figure VIII-8. With the cross oriented
vertically, the contaminant was loaded through the upper port
into the capped lower one. The upper port was capped and the
cross oriented as shown in the figure. The velocity of the ni-
trogen passing over the contaminant filled port caused sufficient
turbulence to draw contamination into the flow stream. The angle
at which the crosses were set was determined during development
tests in a separate contamination injector development system,

The components in this system were sized to approximate
the flow that would exist 'n the system test fixture during pres-
surization of the cylinder. The approximate injection rates,
with the injector angles, are shown in Figure VIII-8. Although
the majority of the contamination is consumed early in the flow,
the overall injection schedule is much less severe than the "batch"
technique, and more closely duplicates the contamination distribu-
tion rate that might be found in a typical system, The injection
rate was sized in this manner to ensure that all of the contamie
nant would be removed from the injector and distributed through-
out the test system in the remaining cycles.
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d, Contaminant

The contaminant used was a mixture of ground teflon parti~
cles, A.C. coarse dust, red--iron oxide, and cotton lintner fibers.
The particles were mixed to form.a composite level equivalent to
Level B of Table VIIL-l._ The.contaminant mixture was injected at....._
a rate of 0.3.mg per .10Q.grams of gaseous nitrogen,

4, Test Method and Procedure

a. Functional Test Method and Procedure

Each. test specimen.was subjected to a functional-.test to
establish its operating characteristics prior to the system test,

The 2-way and 3-way solenoid.valves were tested for in-
terxnal and external leakage and.response time.. "Inlet pressure on
all valves was 2000 psig of gaseous nitrogen.._

The test specimen.l regulator was tested at an inlet.
pressure of 4500 psig of gaseous nitrogen for internal.and .exter -
nal..leakage, for ability to regulate pressure at a given.setting,
and for . .pability of venting downstream pressure in excess of
the set pressure,

The test specimen 6 regulator. was tested for external
leakage, set pressure, and ability to vent downstream pressure-in . .
excess of the set predsure.. The regulator was tested with an in-
let pressure of 1000 psig of. gaseous nitrogen, and was purchased
tith a preset and lockwired outlet.pressure setting of 120 psig.

The test specimen 5 pneumatic cylinder was tested .at a.
pressure of 1000 psig oi- gaseous nitrogen for internal leakage,
external leakage, and breakaway pressure,

b. System Test Method and Procedure

The eight test specimens were combined with a minimum of
additional components to form the operating system shown sche-
matically in Figure VIII-5. The gaseous nittogen inlet pressure
to the system was adjusted to 4500 psig, and the outlet pressure
of test specimen 1 adjusted to 1000 psig. The system was operated
automatically through 1500 cycles, using the logic sequence in
Table VIII-2,
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Prior to each set of 50 cycles, contaminant was added to
the system at the two points indicated on Figure VIII-5, For a
description of the contaminant used and the contaminant injection
technique, consult paragraphs VIII, B, 3, ¢ and VIII, B, 3, d,

All effluent gaseous nitrogen from the system was passed
either through a Millipore filter tool, Model XX45-047-00, or a
Martin Marietta developed in-line filter holder and counter
(ILFHC) tool. This tool allows examination of_the filter paper
without removing it from the flow system. The vent from the ini-
tial 195 cycles of each set of 200 cycles was passed through the
Millipore tool. The Millipore paper was then analyzed for parti-
cle size and size distribution. The vent from the remaining 5
cycles was then passed through the ILFHC and used as a verifica-
tion of particle size and size distribution

After cycles 100, 300, 600, 900, 1200 and 1500, internal
leakage tests were performed on all test specimens to establish
any degradation. All of these leakage tests were performed at
the system pressures used during the cycling test.

Table VIII-3 gives a summary of test operations during
the 1500 cycles,

c¢. Final Inspection Test Method and Procedure

Following completion of the system and functional tests,
each test specimen was carefully disassembled for inspection. The
component parts were inspected for evidence of abrasion, contam-
ination, lubricant deposits, etc. Photographs were taken of sig-
nificant items.

5. Tes. Results and Discussica

a, Initial Functional Test Results and Discussion

Test data from the initial functional tests are presented
in Tables VIII-4, VIII-5, and VIII-6. For discussion of the data
that do not meet the test criteria, see paragraph VIII, B, 6, d.

VIII-9
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Table VIII-3 System Test Run Schedule

After Cycle
Number

Inspect
ILFHC

Inspect
Millipore

Add
Contaminant

Leak
Check

0
50
100
150
195
200

LSRR

250
300
350
395
400
450

RO I

"=

500
550
595
600
650
700

=< >

750
795
800
850
900
950

ol BB

R

995
1000
1050
1100
1150
1195
1200

xR

1250
1300
1350
1400
1450
1495
1500

R R B
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The data shown for the internal leakage test of the cylin-
der were obtained after washing the hydraulic fluid from the in-
terior of the cylinder and relubricating the seals with Atlantic
54 lubricant, It was felt that the cxcess hydraulic fluid present
in the cylinder as rcceived might unduly trap the contaminant
present in the system nitreqen, and prevent the contaminant from
rcaching other system components,

The following observations were made of the contamination
existing in the components as received from the vendor. The com=-
ponents were procured in a commercial clean condition., Inspec-
tion was performed in the flow ports only, since it was a require-
ment that the valve was not to be disassembled for inspection prior
to test.

Pressure Regulator (75M08229) - Upon removal of the inlet
port fitting, one particle of dirt (125 microns) was attached to
the fitting. Lube was found all around the diameter of the inlet
port flow path. No lube or particles were observed in the outlet
port.

Two-Way Solenoid Valve (75M08824) -

Inlet Port - Slight lube film and dust contamination were
evident on the flare sealing surface. One parcicle, approximately
75 microns, was found on the end of the union (Fig. VI.I-9),

Outlet Port - Lube film was found in the union flow path,
Dirt was observed on the threads of the port. A 75 micron teflon
particle was observed in the outlet port flow path, A larg: burr
was attached at the bottom of the machined port. This large burr
broke off and migrated to the cutlet filter screen during func-
tional tests.

Three-Way Solenoid Valve (75M09285, S/N 280) - The porc
closure plugs were clean. No burrs were observed on the port
threads. Th« lube used on the O-ring seating surface (common
port) was sl.ghtly dark from many small particles, The normally
open and normally closed ports showed no visable contamination.

Three-Way Solencid Valve (75M09285, S/N 281) - All port
closure plugs were clean., On all three ports, burrs or catches
were observed at three places spaced around the lower thread. No
particles were observed.
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Pneumatic Cylinder (75M09014) - Visual examination showed
a large quantity of hydraulie oil in the cylinder, Slight con~

tamination was. observed which appears to be dirt or particles from ..

oipe threads,

Preasure Regulator (75MO8831) -

Inlet Port - A small (50 micren) metal ecolored flake was
observed in the port cap together with approximately 100 small
particles €50 microns maximum), A large €0.040 in,) plece of
lube-was observed in the flow path of the fitting. The valve
inlet flow path looked cleaa with a slight lube film on the sure
face,

Outlet Port - Four lint particles (0.080 in. max imum)
were observed.on the interior of the port eap. Excessive lube
was found.in the fitting fiow path and in. the port. No particles
were observed, but may have been present in the lube film.

Two-Way Solenoid Valve (75M08823) - At the base of the
inlet port union some black particles (100 microns) were observed.
Three particles (25 microns) were observed in the inlet por.t,

No .particles were observed in the outlet port, although a bur:
was observed on the valve body at the bottom of the port threads,
This burr appears to be firmly attached and .is a result of the
thread tap.

Three-Way Solenoid Valve (75MI8825) - The valve was dou-
ble-bagged but did not have plugs in the ports. The common port
contained many small particles, the latgest being approximately
75 microns._The normally-open port contained some very small.
particles less than 25 microns in size. The normally-closed port

contained many small (less than 75 microns) particles at the
bottom of the port,,

b, System Test Results and Discussion

The system test was performed per the schedule in Table
VIIL1-3, The Millipore and ILFHC sample data appear in Table

VIII-7. The result of the interim leakage tests appears on
Table VIII-8.
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Table VIII~7 Millipore Particle Count Data.

ILFHC Data Millipore Data
Number of Particles at Cycle_No: ’ Number of Particles at Cyele Not
Paxticles 600 | .

Micran Ranges | 200 | 400 { 800% | 1000 1'1200 |1500 200-] 400 | 600 | 800 [1000 |1200 1500
100-200 15 3120 154 32 -3 1] 23 75 | ’
200-300 | 14| 1| 10 28| 18 | & # 1 3t o 210 20 .
300-500 L 1} o4 | 32 2] of 1} 1] ¢ ¢
500~1000 0 1 1 |1 4 0 Qp 0 0
Gver. 1000 0 0 w0 0 0 0
Fiboers

Micron Ranges

0-750 0 0 0 0 1 4 2 3 1.
750-2000 0 0 0 0 $ ¥ 0 0 0 0 % ¢
2000-6000 1 of o 0 0 of e o 1
Over 6000 0 0 0 0 0 0 0 0 0

*Appears to be a conglomeration of TFE partieles.

tMetallic fiber, not a paxt of injected contaminant.

#Sample void, filter paper broken,.

Table VI1I-8 System Test-Interim Internal Leakage Test Data

Internal lLeakage (SCCH)

Test Specimen

: 5 5
Cycle Number 1 2 |3 and 4 | 4 | Extend |Retract|6]| 7|8
o 0 o |o|l o fof 7250 | ses |o]olo
T 100 NA* o]l o |o]| a200 4 lofofo
= 300 13,500 | o o ol 3340 30 |o|o]o
600 60,000 | o] o ol 3120 14 |o]olo
900 60,000 |72 o |0 2110 20 |ofofo
1200 60,0004 2| o Jo| 1800 | 250 [o]o]o
1500 60,000+ of o Jof 1410 [ 120 [ofo]o

ey *Specimen failed at cycle 1, was removed from the system at
: cyele 50, was refurbished and replaced in the system at cycle 200.
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At the initiation of system cycling, specimen 1.failed
by leakage through the seat,. Results of a failure analysls showed
the stainless stecl poppet secat.was eroded as if sandblasted,
Examination of the contaminant injector upstream of this apeci~
men showed. that essentially all. the centaminant was stil) in the
Intector, se-the test speeimen had not been “slugged™with the
centaminant, While the failure analysis was being condueted, the
system war run. through 200-cycles, The refurbished specimen was
then returned to the system, and the cyeles continued, Immedi-
ately on vesumption of- the cycling, test specimen 1 failed again
in the same manner., Since the seat leakage allowed downstream
pressure to increase until the bullt-in. relief devite relieved,
system pressures were still maintained near. those required with
external venting from spucimen 1l being the only obvious system .
problem,. The system was allowed to continue in this manner
through the duration of the 1500 c¢ycles.

The contaminant injectors performed adequately during
the 1500-cycles,

Figure VIII-10 shows. the condition of the Millipore
filter. papers used in the contamination tests. The correlation
between..sample numbers and. test cycles is tabulated..

Sample No, Test Cycle - Material
B2057 200 Cycles... Papexr
B2b58 600 Cycles Teflon
B2059% 800 Cycles Teflon
B2060 1000 Cycles Teflon
B2061 1200 Cycles Teflon
B2062 1400 Cycles Paper

Millipore data.were not obtained at 200, 1200, and.1500
cycles because the filter pads were blows out by the high
velocity particle impingement., The standard filter. paper was re«
placed with high pressure teflon filters after.the first failure.
These teflon filters are designed to take high pressure surges
and high veloeity impingement and are considered to be the strong-
est filter pads available,. Even the teflon filters would not
take the high levels of contaminant introduced into the system
and resultant particle impingement:,
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Table VIII-~7 lists the particle counts obtained on the
Millipore samples, The data is not representative because of
filter pad crosion, On samples B2058 and B2059, the center of
the filter pad is badly croded implying that many of the particles
passcd through the filter, The technician in the laboratory re-
ported that sample B2060, at 1000 cycles, was highly charged with
static electricity and vhat when he disassembled the Millipore
holder, approximately 50% of the particles "jumped®™ off of the
filter pad and thus were aot counted,

The filter pads were welghed to determine the total
welght of contaminant in the sample, The weights, in all cascs,
were less than the tare weights taken prior to test and contami-
nant weight was therefore not obtatnable, The decrease in weight
is attributed to {ilter pad crosgion,

c. Final Functional Test Results and Discussion

Following completion of the system test, each test speci-
m.n was subjected to a functional test identical to that per-
formed prior to the system test, The final functional test re-
sults appear on Tables VIII-4, VIII-5, and VIII-6, The most
significant result was the improvement in the pneumatic cylinder
leakage ratecs and breakaway pressure, With the exception of spe-
cimen 1 regulator, the remaining test specimens showed very little.
change in characteristics from initial to final functional tests,

d. Test Specimcu Failure Discussion

During the system test, the specimen 1 regulator failed
twice, the second failure occurring after a complete refurbish-
ment. This regulator is very sensitive to contamination.

The solenoid valve specimens 3 and 4 exhibited response
times that often failed to meet the criteria established for
functional testing. The criteria were based on the valve manu-
facturer's acceptance criteria, with one major exception. The
manufacturer uses the valve position indicator switch for response
measurements, while for this test, the solenoid current trace
with its characteristic indications of poppet motion was used,

It is felt that this method, while yielding longer response times,
is a more consistent and accurate measure of a valve's responsec,

During system interim leakage testing, specimen 2 sole=-
noid valve exhibited internal lcakage at two of the seven pre-
scribed measurement intervals, The leakage was zero at all other
measurement intervals, and was at zero at the completion of all
testing, Refer to Table VIII-4 for these data.
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e, Final Inspection Test Results and Digcugsion

Following completion of the final functional teat, cach
test speeimen was completely disassembled for Inspection, Fig~
ures VIII-11 through VIII-35 are included to show the disasscmtled
components of cach specimen, Residual contaminant was present in
all. the test specimens, The majority of the contaminant added
to the syatem cvidently lodged in the test specimens, Relatively
little contamination.reached the sample tools downstream of the
system, and an inspection of the system tubing did not reveal any
significant quantitics of contaminant adhering to the tubing
walls,

A detailed description of the observations made for each
compenient on final disasscmbly follows, and is in sequence with
the component photegraphs.

Pressure Regulator (75MO8831-1) - The interior of the
regulator was completely filled with contaminant which appeared
to be primarily teflon particles rather than road dust., The en-
velope shown in Figure VIII-12 contaius the contaminant which
dropped out of the component upon disassembly., The filter scrcen
appeared to be completely clogged with large teflon particles.

The poppet, spool, and inlet screen are fully. coated with contami-
nant (Figure VIII-13),

Both the inlet and outlet fittings coutained large amounts
of contamination. trapped in the lube on the end of the fitting
(Figure VIII-14), The condition shown in the figure was also ob-
served on many of the other components. No indication of wear
on the O-rings or sliding surfaces and no erosion or wear on the
poppet seat were observed,

Iwo-Way Solenoid Valve (75M08824-1) - The filter screen
on the inlet fitting was pushed out of the flow path and the
screen on the outlet fitting was gone (Figure VILI-17). The
screen was later found in the 1l/4-inch tubing downstream of ine-
jector #2. The valve was heavily loaded with contaminant. A
great quantity of particles were trapped in the lube on the spool.
The poppet seat and all softwarc were in good condition,
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Three-Way Solenoid Valve (75M08825-1) - Very little con-
tamination was trapped in this valve as compared to the other
components, Both the inlet and outlet ports were relatively
clean, The flow path into the "eylinder port" makes a 90~deg
bend prior to enteving the component, The bulkhead at this point
was badly eroded indicating impingement on the 90=dog surface,
Very few particles weve obacrved on the spool butb two vertical
seratches were abserved an cach side of the spool at 180 deg (Fige
ure VIII«20)., The matching surface on the valve was not scratched,
No further degradation was obscrved on the poppet, softwarc, O«
rings, or sliding surfaces,

Pressurce Handloader (75MO8829) - The inlet port was rcla-
tively elean, Dark colored parvticles (road dust and red {ron
oxide) were observed in the outlet port., The main scat sealing
surface on the poppet stem was badly eroded (Figure VIII-23 and
VIII-24), It is concluded that the eroded seat was caused by
particle impingement and is the cause of the leakage past the
main scat. Erosion on this valve was greater than that observed
on the initial failure of this handloader. Many particles were
trapped in the lube on the retaining spool and sensing piston
(Figure VIII-25), No gulled or worn surfaces werce cvident, The
O-rings and softwarc looked good. There was a considerable amount
of contaminant trapped in the valve body,

IThree-Way Solenoid Valve (75M09285-1, S/N 280) - Contami~-
nation was obscrved in all ports, A solid film of Just particles
was trapped in lube around the outside diameter of the spool
(Figure VIII-28), Particles were entrapped in th. heavily lubri-
cated poppet stem, Although this valve did not leak, a finc ring
of erosion was found on the poppet seat due to particle impinge-
ment, Figure VIII-31 shows the contamination and croded peppet
seat on valve serial number 281, which is similar to that observed
on valve serial number 280, The O-rings and seats did not show
any evidence of wear or failure.

Three-Way Solenoid Valve {75M09285-1, S/N 281) - Many par-
ticles, observed on the normally closed inlet port, appear to be
road dust; not as many particles were found in the other two ports,
The valve was heavily lubricated and particles were trapped in the
lubricant, Many large teflon particles were trapped in the lube
on the poppet stem (Figure VIII-31). The fine line of erosion on
the poppet seat was caused by particle impingement, although this
valve did not leak (Figure VIII-31). No galling, wear, or degra-
dation of software was ohserved.
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Two-Way Solenoid Valve (75MD87123-1) - The inlet fitting,
inlet port and outlet port were relatively clean, Many road dust
particles were trapped in the lubricant an the poppet stem and

spool pilece, No wearing surfaces or degradation of scftwarc was
evident,

Ppeumatic Cylindex (75M09014) = The vetraet aide of the

cup scal was full of lubricant and particles, A vimg of lubrie
cant and particles exinrted on the barrel at the end of travel on
the y.traet atroke, Lubricant and.particles were obmerved on the
cylinder head on the retract side, The extond side of the piston
was relatively clean, although centaminated, Ne scoving, galling,
or wear was visible in the barrcl, The brass piston ring showed
normal and even wear, The cup seals were not damagod ,
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G, HYDRAULIG GONTAMINATION TESTS

The testing effort was started on 4 April 1969 and was com- 4
pleted on 11 July 1969, The hydraulic tests were performed at the
Martin Mavictta Hydraulicg Lahoratory at Benver, Gelorado,

The funetional characteriatics of nine components determlned
to be eritical to control arm operation were eatablished hy funce
tional tedat, The speclimens were then assemblad inte an operation-
al ayastem, and operated through 1500 cycles using deliberateoly
convaminated MIL=I=5606 hydraulic¢ oll, The functional tests were
ropoated to catablish any functional degradation, and the speel=
mens wore dlaassembled for inspection,

Several O-ring fallures occurred durlng system checkont and
also during the contamination teets, None of these fallures can
be attributed to contamination, It is recommended that consider-
ation be gilven to fmproving O-ring design, sueh as O-ring diameter
clearances, groove cross-scctional areas, and assembly design, to
those test components that displayed O-ring anomalivs during the
system contamination test,

During disassembly and inspection, contamination was found in
every section of tube, fitting, and test component, particularly
where hydraulic fluid residue was not completely drained from the
component, This inspection showed that the injected contaminants
were well distributed throughout the system,

Function tests were conducted on each component in order to
accurately evaluate individual performance before and after the
systems test, The test components operational characteristics,
between the initial and final functional tests,. for all practical
purposes are the same. There was very little, if any, degradation
‘ : in performance, It is therefore concluded that the service arm
‘ - hydraulic components will function reliably at the contamination
| levels used in these teste,

e

1. Oblectives

The purposes of the hydraulics tests were to:

'f‘ 1) Test selected control arm components in a typical flow
' system, The test specimens have been selected as be-
ing more susceptible to contamination;
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2) Demonstrate the veliahility of the tost apecimens at
an Increased level of contamination by subjecting them
to 1500 operational cycles;

3) Funetional test cach teat specimen before and after
the 1500 operationa! cyclea, in order to dotermipe
component degradation;

4) Maintain cleanliness of the test fluid at a-preseribed
loval;

5} DPisasscemble and inspect the test specimens following
the test, to determine the effect of test fluid cone
tamination,

2. Test Components

The test specimens, listed in the tabulation, were procured
to the vendor part number which corresponds to the similar NASA
service arm specification, . The test specimens were procured com-
mercial clean,

Quantity Test NASA
To Be Srecimen Equivalent
Tested umber Manufacturoy Part Numbor Part Numbep Name
; 2 6 James Pond €lark 277-T1-81% 75M05365~4  Check valve
w 1 4 Pathon Munufac- 3H1X38U101 /2ABR  75MO65067 Cylinder
y turing Company
2 3 American Bosch A€G300281 75M08814-1  Accumulator
2 5 Marotta Valve 806097-1 75M08823-1  Solenoid valve
} 1 7 Marotta Valve 219004-J151 75M08830 Regulator
’ 1 8 Martin Marietta None .- 0.020 Orifice
!

3. Test Equipment

a, Instrumentation

The test system schematic, Figure VIII-36, shows the in-
strumentation functions used during the test., The instrumentation
accuracies are listed in Table VIII-9,
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b, Test Fixture

The test fixture schematic used for sysrems testing is
shown in Figure VIII-36, The test {inatallation was £lushed with
MIL-f-5606 hydraulic fluid to thac level shown in Tahle VIII-10,
Table VITI«11 shows the system cleanlines: level after the compo-
nents were installed, The tesc f' td (ATL3~57006 wasenils ol
was prefiltered to 3 microns absolute pricy to intrvoducing the
‘luld into the test system, The cleanliness level of the prefil-
teved fluid is shown in Table VIII-12, The cleanliness data—below
was obtained by means of a HIAC autowmatic particle countexr, Photo-
graphs of the system test installation appear as Figmes VIIT-37,
VIII-38, and VIII-39,

Table VIII-10 HIAC Particle Counter Data, Test System
prior to-Component Installation

Particle .
Range First Next Next Next Next
(microns) 100 .ml.| 100 ml | 100 ml-.| 100 ml- | 100 ml
5 to 15 133 116 103 79 55
15 to 7?5 S 3 1 1. 4
25 to 50 0 0 0 0 0
50 to 100 0 0 0 0 0
100 + 1 0 0 0 0

Table VIII-11 HIAC Particle Counter Data, Test System
after Component Installation

Particle
Range First Next Next Next Next
(microns) 100 ml 100 ml | 100 ml 100 m1 100 ml
5 to 15 283 143 144 95 81
15 to 25 1 2 1 0 2
25 to 50 1 1 0 0 0
50 to 100 0 0 0 0 0
100 + 0 0 0 0 0
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Table VIII-12 HIAC Particle Counter Data, Prefiltered

Test Fluild

Particle
Range First Next Next Next Next
(microns) 100 wl | 100 ml | 100 ml | 100 ml | 100 ml
5t0 15 | 14 3 7 3 4
15 to 25 ] 1 0 0
25 to 50 0 0 0 0 0
50 to 100 0 0 0 0 0
100 + 0 0 0 0 0

¢, Contaminant

The contaminant used was a composite mixture of ground
teflon particles, A,C, coarse road dust, red iron oxidc, and cot~
ton-lintner fibers., The composite level is shown in Table VIII-13,

The total quantity of contamination particles was grad-
ually adde¢ to the system to obtain cqual dispersal throughout the
system,

Table VIII-13 Hydraulic Contamination Test Levels

Size Range
| 6 - 104 |1 « 25.|26 - 50u| 51 - 1004 100 +
t 0X60 Teflon |
s 2,0 mg/100 ml oil 22,200 9,400 2,500 564 A 108
f A,C, 'Coarse' Road Dust
‘ , 0,2 mg/100 ml oil 6,460 3,420 565 67 3
Red Iron Oxide
<0,01 mg/100 ml oil 3,710 0 0 0 0
Cotton Lintner Fibers
<0,1 mg/100 ml oil -- . -— .- 4000y maximum
. Total Particle Count
o 2.2 mg/100 ml oil 32,370 12,820 3,065 631 111 + fibers
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4. Test Mothod and Procedure

a, Receiving and Inspection

Teat components were inspected for general conformance,
The component flow ports were visually inspected using 3X magnifie....
cation, No evidence of contamination was observed, Teat compo-
nents were not disassembled to perform this inspection, The in-
ternal flow path of the hydraulic components was flushed with clean
filtered hydraulic fluid, The Influent fluld was prefiltered to
3 microns absolute, A sample of effluent- fluid from all test
companents was sampled with a HIAC automatic particle counter; the
results are shown in Tables VIII=14 thru VIII-24, These samples
were taken to evaluate the cleanliness level of each compenent as
received from the manufactv zr, Therc was no attempt to clean the
test components during this flushing mode,

Table VIII-14 Effluent Particle Count, Hydraulic Accumulator
(75M08814-1, 8/N .6K3299)

Particle

Range First Next Next Next Next Next Next. Next
(microns) 100 ml 100 ml 100 mi 100 ml 100 ml 100 ml 100 ml | 100 ml

Qil Side of Accumulatox

5 to 15 | 32,196 | 29,823 | 28,244 [24,662 24,673 | 24,240 | 25,163 29,277

15 to 25 819 9%7 715 594. 615 587 [ 4713 | 538 |
25 to 50 116 178 109 76 79 73 45 52
50 to 100 3 0 1 0 0 1

100 + 0 0 0 0 0 0 0

Gas Side of Accumulator

5 to 15 13,873 | 14,733 | 14,718 {16,387 15,309 | 14,232 | 15,364 | 15,471

15 to 25 83 97 99 117 | 119 100 121 120
25 to 50 5 6 v 9 5 12 14

| 50 to 100 0 0 1| »

100 + 0 0 0 0
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Table VITI-15 Effluent Particle Gount, Hydraulie Accumulator
(75M08814~1, 8/N 6K3300)

Particle . ,
Range Flrst Next Next Next Next . Next Next Next
(microns) 100 m1 | 100 wml | 100 mt | 100 ml | 100 ml | 100 mi| 100 m1 | 10O mi

011 8ido of Accumulatoy
5 to 15 22,824 | 20,023 27,913 38,636 | 21,785 21,642 21,897 19,330

15 to 25 484 355 | 539 702 294 353 352 323
25 to 50 38 43 60 9% 43 37 28 30
50 to 100 1 1 0 1 4

100 + 1 0 0 0 0 0 0 0

Gag Side of Accumulator
5 to 15 38,389 | 26,983 | 24,601 | 31,946 | 30,968 24,992 | 24,397 | 25,317

15 to 25 341. 215 177 280 332 199 171 210
25 to 50 47 19 22 31 52 37 21 20
30 to 100 1 1 0 0 10 0 0

100 + 0 0 0 0 0

Table VIII-16 Effluent Particle Count, Hydraulic Cylinder —.
(75M06506-7)

Particle ’
Range First | Next Next Next: Next Next Next Last
(microns) | 100 ml [ 100 ml | 100 ml | 100 mi | 100 m1 | 100 wl] 100 ml | 53 mi®

Cylincer Extend Mode
5 to 15 84,004 | 60,414 | 65,333 | 69,318 | 88,664 126,326 155,922 ]203,536
15 to 25 2,519 1,724 1,950 2,069 3,080 4,926 7,116 | 14,268

25 to 50 2,007 242 261 305 425 541 718 1,362
50 to 100 3 4 3 4 6 13 8 13
100 + 0 0 0 0 0 0 0 0

Cylinder Retract Mode
5 to 15 81,531t | 74,930 | 69,401 | 75,889 | 76,592 72,605 | 77,284

15 to 25 1,747 1,078 1,094 1,399 1,192 947 1,064
25 to 50 | 105 151 113 183 169 118 133
50 to 100 12 4 1 1 4 6 4
100 + 0 0 0 0 0 0 0

*Data corrected to 100 ml sample,
tThis was a 500 ml sample and was corrected to 100 ml,
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Table VIII-17 Effluent Particle Count, Hydraulic
Cylinder (75M06506-7), Initial
Fluid Sample
Milliasrore Sample Visual Count
Yarticle-- V
Range
" (microns) Retract Retract Extend
3 to. 15 13,400% 9,750% 14,300%
15 to 25 400 150% 318%
25 to S5¢ 200% 159% 112%
50 to 100 11 4 9
100 + 11 3 4

Total #ilterable
Solids

0

.9 mg/100 ml.

0.9 mg/100 ml

0.9 mg/100 ml

*Data based upon statistical count of two squares,

Table VIII~-18 Cylinder Influent Particle Count,
Hydraulic Bench 0il Sample

Particle .. Sample Number

Range

(microns) 1IN+ 1 |IN+2|N+3|N+4|N+S5]IN+6
5 to 15 [1818 | 129 70 83 76 40 52
15 to 25 6 2 1 0 0 0 0

25 to 50 2 1 0 0 0 0 0
50 to 1006 0 0 0 0 0 0 -0
100 + 0 0 0 0 0 0 0
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Table VIII-19 Effluent Particle Count, Two-Way Solenoid Valve
(75M08823-1, 8/N 398)
HIAC Particle Counteyr Data
Particle ]
Range Firat | Next Next Next Next Next Next Next Next
(microns) 100 ml {100 mi | 100 m1 | 100 ml {100 ml {100 ml | 100 ml {100 ml | 100 ml
5 to 15 |48,780 ) 29,830 | 16,775 | 8,068 | 3,877 | 2,197 | 1.397 1,071 86y
15 to 25 21 18 32 8 6| 12| 8| &l 19
25 to 50 10 3 $ 0 0 2 0 0t 1
%0 to 100 1 0 0 0 0 0] 1 0 0
100 + 0 0 0 0 0 0 0 0
Table VIII-20 Effluent Particle Count, Two-Way Solanoid Valve
(75M08823-1, S/N 399)
HIA€ Particle Counter Data
Particle
: Runge First | Next Next Next Next Next Next Next Next
l(microns) 100 ml {100 ml { 100 ml {100 ml |100 ml | 100 ml | 100 ml | 100 ml | 100 ml |
5 to 15 [18,006 | 6,409 3,739 4,668 | 4,236 | 3,227 ] 2,803 1,087 816
15 to 25 243 112 41 15. 12-. 13 9 21 10
25 to 50 50 23 3 3 3 5 3 8 2
50 to 100 1 1 0 0 0 0
100 + 0 0 0 0 0 1 0
lable VIII-2l..Effluent Particle Geunt, Gheck Valve
€75M05365-4, S/N 9021312)
HIAC Particle Counter Data
Particle
Range First Next Next Next Next Next Next Next
(microns) 100 ml : :00 ml | 100 ml | 100 ml | 100 ml 100 ml 100 mi 100 ml
5 to 15 20,616 39,816 | 51,894 52,073 66,050 | 102,069 102,709 71,162
15 to 25 147 22 8 6 5 3 3 4
25 to 50 36 0 0 1 0 0 0
50 to 100 0 0 0 0 0 0
100 + 0 0 0 0 0 0 i 0
Particle
Range Rext Next Next Next Next Next Next Next
(microns) 100 ml | 100 w1l | 100 ml ) 100 mi | 100 ml 100 ml | 100 mi 100 ml
5 to 15 49,304 | 27,859 {12,999 5,129 2,037 955 583 252
15 to 25 3 2 1 1 3 1 6 1
25 to 50 0 0 0 0 0 1 0 1
50 to 100 0 0 0 0 0} 0 6 0
100 + 0 0 0 0 0 0 0 0
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Table VIIL-22 E{fluent Particle Count, Check Valve
(75M05365-4, 8/N 9021313)

HIAC Particle Counter Data

“Parvticle | i
Range First Next | Next Noxt Next Next Next Next
(mierons) 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml 100 ml
5 to 1§ 4,147 | 1,503 | 1,300 | 1,909 | 12,342 | 30,888 | 3,609 | 19,702
15 to 2% 90 20 . 7 6 I 2 F 4 6 5
- 25 to 50 20 0 2 2 2 0 17 0
50 to 100 0 0 (¢ 0 0 0 0 0
100 + Q [¢] 10 0 0 0 1 0
, Particla
Rango Next Next Next Next Next Next | Next Noxt
{microns) | 100 ml | 100 ml [100 ml |100 m} { 1CO m! | 100 m) [ 100 ml | 100 ml
5 to 15 9,523 3,415 1,136 441 244 232 | 135 122
15 to 25 3 2 1 4 3 2 1 0
25 to 50 0 1 0 1 0 0 0 1
50 to 100 0 0 0 0 0 0 0 0
100 + 0 0 0 0 0 0 0 0

Table VIII=23 Effluent Particle Gount, Check Valve (75M05365~4)
Milliporve Filter Visual Count

Particle {S/N 9021312) Particle (8/N. 9021313)
Range Number of ‘Range Number of
(mgcrons) Particles per 100 ml®| (microns) Particles per 100 mls
i 5 to 15 174 . 0 to 50 Too numerous to count
15 to 25 . 28 -50 to 100 5
o - 25 to 50 [ 100 + 2
’ 50 to 100 1.5
100 + 0
: Total Filterable
| Solids 0.3 mg 0.4 mg

| : %200 ml sample taken, data corrected to 100 ml,

+

Table VIIL=24 Effluent Particle Count, Hydraulic Pressure
Regulator (75M08830-2)

HIAC Particle Counter Data

Particle
Range First Next Next Next Next Next Next
(microns) 100 w1 | 100 ml | 100 ml (100 ml | 100 ml | 200 ml | 100 ml

5 to 15 39,216 | 17,744 | 14,833 4,412 2,501 1,903 1,847

15 to 25 273 oo b a2 | se 17 6 8
| 25t050 | 48| 17 10 4 0 0
. 50 to 100 6] 1 0 0 0
100 + 1] 1 2 | 0 1 0
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b, Functional Test Method and Procedure

An initial functional beneh test was performed on each
component to ensure its integrity and to cstabliish a baseline per-
formance criteria prior to the system contamination test, The
component functional pertormance data were used as criteria to
evaluate component degradation during system contamination tests,
The test fluid was MIL-H-5606B hydraulic oil prefiltered to 3 mi~
crong absolute, Functional tests were performed on the tesat cone
ponents using the test system Identifled in each NASA component
specification,

The accumulators were tested for Internal and external
leakage for a period of {ive minutes with 4500 psig on one side
of the piston and zero pslp on the other,

The hyaraulic cylinder was tested for internal and exter-
nal leakage, and breukaway pressure at 4500 psig; leakage was mon-
itored for 5 minutes at each condition,

The two-way solenoid valve was tested for internal and ex-
ternal leakage and. for response time,

The check valves were tested for internal lecakage, crack-
ing, and reseat pressures,

The regulator was tested at an inlet pressure of 3000 psig

l for internal and external leakage, for ability to regulate pres-
sure at a given setting, and for capability of venting downstrecam
l' ’ pressure in excess of the set pressure,
|
P

The flow rate of the orifice (0.20 in.) was calibrated at
an inlet pressure of 3000 + 25 psig,

o c. System Test Method and Procedure

The nine test specimens were combined with a minimum of
additiondal components to form the operating system shown schemati-
cally in Figure VIII-36,

The hydraulic test system was pressurized to 3000 psig
using the fluid power of the hydraulic power supply. Flow to the
test system was controlled by a hydraulic servo-selector valve,
The following sequence of events describes a half cycle of the
contamination test,
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High pressure fluid flow was supplied to the test system
by the hydraulic power unit supply, A low frequency functional
generator supplled an amplitude and frequency signal to the elec-
triecal awitching console, An input signal was emitted from the
console to apen the servo~selector valve to permit high pressure
flow to aeccumulator 3;, simultaneously emitting a slgnal to the
golenoid valves, opening valve 5; and-closing valve 92, The flow
from accumulator 3, was then passed thwough solenoid valwe 5; and
to the platon side of eylinder 4, Flow from the solenoid valve
(51) passed through test items 7, 8, and 9. and combined to flaw
through check valve 6, to accumulator 3,., Discharge flow fxom the
accumulator passed through the scgvo-sclector valve into the ree
turn of the hydraulic power unit supply, The reverse sequencoe of
events completed a full test cyele, The test system was operatod
through 1500 full test cycles,

Component internal leakage checks were performed cvery
300 cycles, System cffluent was sampled every 100 cycles theough
the HIAC automatic particle counter, Millipore samples were also
taken at.intexvals of 300 cycles, See Table. VIII-25 for a summary
of test operations during the 1500 cyeles,

Table VIII-25 Sequence of Operation

Leak Check
Cycle Numberx HIAGC Millipore after Last Cycle
Y X
1 X
100 X X X
200 X
300 X X ) SRS
400 X
500 X
600 X X X
700 X
800 X
900 X X X
1000 X
1100 X
1200 X X X
1300 X
1400
1500 X X X
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d, Final Inspection Test Method and Procedure

Following completion of the system and functional tests,
cach test apecimen was carefully disassembled for inspection, The
component parlts were Ingpected for evidence of abrasion, contgmi-
nation, lubricant deposits, ete and phovagraphs were taken of sig-
nifieant items (Fig, VITI-40 thru VIII-64),

b, Test Results and Dipcnssion

a. Inftlal Functlonal Test Results and Discussion

Test data from the Inftial functlional teats are presented
In Tables VITI-26 through VITI-31, The of fluent particle counts
for cach component are shown In Tables VIIT-14 throuph VITI-24,

The Internal leakage of aceumulator 8/N 6K3300, as tested
prior to systcm test, was elmost two times the speedifcation crle-
teria, Accumulator 8/N 6K3299 exbibited zero leakage, The crack-
ing pressure of regulator 75MO8830 was 65 tou 70 psiy above spect-
fication in all cuases, Additional tests were conducted when Lt
was noticed that the vent cracking and rescat pressures were af-
fected by the inlet pressurce to the regulator, The test data for
all remaining components was well within specification, The above
anomalies did not affect the test program since the functional
tests were conducted only to enstuve basic component operation and
to obtain baselilne performanc- = ta for comparison after the con-
tamination tests,

The efflucnt particle counts, shown in Tables VIII-14
through VIII-24, are comparable to Levels 7 and 8 of NAS 1638,
The variety of components represented may provide some indication
of a commercial clean condition, gince all of the components were
procured in a commercial clean condition, The influent background
particle count of the hydraulic oil was generally below 25 parti-
cles in the 5 to 10-micron range, with no particles above 15 mi-
crons,

VILI-~33
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Table VILI-26 Functional Test Data, Hydraulic Accumulator

(75mo8814-1) "
Functional Test Data
8/N 6K3299 S/N 6K3300
Teat Requivement | Taitialk [ Einal® [ Initlalv | Final#
"Inlornal L;;kagu 10 Drops pdt ; o | oo ' '”_I]z 0,36

Ar to 011 Side 19 Minutes
Maximum

Internal Loakage | 10 Drops per 0 0,1 1.2 =0
011 to Alr 8ide £S5 Minutoes
Max 1 mum

Fxtornal Leakapo 'Buhhlu Tiaht _9 0 0 0

“*Drops per minute,

Table VIIL-27 Functional Test Data, Hydraulic. Cylinder

(75M06506-7)
Muximum Lest Results
Tegt Allowable Inttial. Final
Piston Leakage - Extend 5 ¢o/min 4 drops 5.6 drops
Piston Leakage = Retract | 5 co/min 8 drops 6.2 drops
Exterval Barrel Leakuge | 0 7 0 0
Rod Fnd External Leakage | 1 drop/25 I 0 0
operating
cycles
Breakaway Pressure 60 7 4.5
: Extend, psig |
; Bruakaway Pressure 60 6 3.5
| Retract, psig
l
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Table VIII-28 Functionsl Test Data, Pneumatic Two-~Way
Solenoid Valve (75M08823-1, §/N 398)

Speci fication Test Regults

Tegl Criteria Initial  |Final
'ﬁkfﬂfnnl-iéhﬁﬁﬁ&melunoid iﬁﬁﬁﬁl!lighﬁ" o No Leakage No Leakage
nergined '

Tntornal Loakage Solenald | & co/uin Mamm  |Ne Leskane |3 drenarars
De=cnerglazed .

Fxternal Teakage Solenoid Bubble T[Qﬁlhw{ “ No Leakage |No Leakage
Energlacd

Intornal Leakage Solenold 5 ce/min Maxdmum No Leakag {3 drops/min
De=onerglzod

Response Time 75 waee Maximum Opening 1,91 4.70
Cycle No, 1 75 wsec Maximum Closing 2,80 4,32
Response Time 75 msec Maximum Opening 2.04 3.90
Cyele No, 2 7% msec Maximum Closing 1,91 3,78
Response Time 75 mgue Maximum Opening 2,49 3,93
Cyele No, 3 75 msee Maximum Closing 2,17 3.93
Response Time 75 mscee Maximum Opening | 2,02 4,32
Cycle No, 4 75 msec Maximum Closing 2,60 4,06
Response Time 75 msec Maximum Opening 2,23 4,44
Cycle No, 5 75 msec Maximum Closing 2,427 3.81
Actuation-Deactuation

Voltage 8 to 18 vdc Pull-In 17.4 18,60
Cycle No, 1 1 to 17 vdc Drop=-Out 2.9 2.0
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Table VILI-29 Functional Test Data, Pneumatic Two-Way
Solenoid Valve..(75M08823-1, $/N 399)

Specification Test Reaults
Test Criteria Initial Final
External Leakage Solenoid Bubble Tight No Leakage | No Leakage
Energized
Internal.Leakage Solenoid [ 5 ce/min Maximum - No Leakage | L drop/min
De-energized
External Leakage Solenoid Bubble Tight No Luakage | No Leakage
Energized
Internal. Leakage Soleroid. 5 ce/min Maximum No Leakage | 1 drop/uin
De-energized
Response Time 75 msec Maximum.Opening 1,98 3.77
Cycle No, 1 75 msec Maximum Closing 2.84 3.89
Response Time 15.msec Maximum Opening. L.94 . 3.89
Cycle No, 2 75 msec Maximum Closing 2.79 3,76
Response Time 75 msec Maximum Opening 2.09 3.68
Cycle No, 3 75 msec Maximum Closing 2,84 3.81
Response Time 75 msec Maximum Opening 1,88 3.55
Cycle No, 4 75 msec Maximum Closing 3.00 4,06
' Response Time 75 mset Maximum Opening 1,97 3,82
€ycle No, 5 75 msec Maximum Closing 2,98 4,08
Actuation-Deactuation 8 to 18 vdc Pull-In 16.8 14,3
Voltage .
€ycle No, 1 1 to 17 vdc Drop-Out 2.8 1,90
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Functional Test Data, Hydraulic Check Valve

VILY~37

(75M05365-4)
Test Data
S/N 9021312 §/N 9021313
Requirement | Initial | Final |Initial jFinal
Test (psig) (psig) | (psig) | (psig) | (psip)
Internal Leakage| Zero Leakugef 0 0 0 0
at 4500
Cracking Pres- 0.5 to 1,0 0.85 0,55 0,75 0,80
surc
Rescat Pressure | 0,5 to 1,0 0,60 0,50 0,70 0,75

Table VIII-31

(75M08830-2)

Functional Test Data, Hydraulic Pressurc Regulator

Step | Inlet Requirement Test Results

No. | Pressure Test (psig) Initial (psig)| Final (psig)
A-1 3000 Lockup Pressure 2900 * 50 psig 2840 2840

c-1 3000 Lockup Pressure 2750 + 50 psig 2750 2760

c-2 3000 Cracking Pressure | 2810 Maximum 2875 2800

c-3 3000 Reseat Pressure 2690 Minimum 2850 2755

C-4 3000 Vent Leakage Bubble Tight Zero Leakage Zero Leakage
C-5 3000 External Leakage Bubble Tight Zero Ledkage Zero Lcakage
F-1 3000 Lockup Pressure 500 500 500

F-2 3000 Cracking Pressure | 550 Maximum 615 520

F-3 3000 Reseat Pressure 475 Minimum 585 490

F-4 2750 Lockup Pressure 500 500 500

F-5 2750 Cracking Pressure | 550 Maximum 620 515

F-6 750 Reseat Pressure 475 Minimum 585 505

F-7 3000 Lockup Pressure 150 150 150

F-8 3000 Cracking Pressure | -- 320 165

F-9 3000 Reseat Pressure ~- 290 140
F-10 2750 Lockup Pressure 150 150 150
F-11 2750 Cracking Pressure | -~ 340 260
F-12 2750 Reseat Pressure -- 310 145

G-1 4500 Internal Leakage | Bubble Tight Zero Leakage Zero LeakagoJ
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b aystewm Tent Resulis and Discusslon

The systcm eleanliness particle count data appear in Tables
VITE A2 Orong i VITT-48, Lhe results of the interim leakage tests
are o showin To Tabile VIIT-49,

Test Svstem Fonel Lonal Checkout Test - After £111ing thoe
test aystem with hydeanlle fluld, and priovr to contaminant fnjec-
tion, several oporational peoblewns werge encountered, and as a ro-
sult the gystem testing was delayed until the problems could be
solved, The problem arcas were primavily heat builldup, air en=
trainment , and component O-ving failures,

During system checkout tests, it was found that the encrgy
introduced to operate the system was heating up the hydraulic oil
substantially, and ice packs did not provide enough heat sink to
dissipate the heat, To solve the problem it was necessary to build
cooling cofls into the test system and immerse the coils in a-dry
ice/aleohol bath, This method stabilized the system temperature
at approximately 120 to 150°F, Air jets were used to cool the
solenoids on the two-way valves,

Alr entrainment was a problem, since the HIAC automatic
particle counter will not differentiate between contaminant partci-
cles and air bubbles, and will readily count all air bubbles that
pass the sensor, Air bleeds were installed at the high points of
the system but this did not solve the problem completely, By cy-
cling of the test system, in conjunction with the use of the air
bleeds, it was possible to eliminate the majority of the entrained
air in the system fluid., 1In addition to the high point bleeds,
an accumulator (Fig, VIII-38) was installed in the gystem upstream
of the automatic counter, Hydraulic oil from the system was ad-
mitted to the accumulator, and then the flow from the accumulator
was directed to the counter, The purpose of the accumulator was
to allow the entrained air to rise to the top of the accuwulator,
thus winimizing air entrainment in the first 1000 ml of the sample,

The air entrainment problem was wot in evidence when per-
forming the initial component effluent particle counts, Effluent
counts were performed with an open loop system rather than the
closed loop used in the systems contamination test,

Before starting the contamination tests and prior to in-
troducing contaminant, 200 cycles were rum on the test system in
checking out the system operation, At 195 cycles, the pressure
handloader (75M08830) started leaking at the top of the handloader,
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The handloadey. was disassembled and it was found that the main
piston O-ring (P/N J200A16) was volled over and chewed up on the
inside diameter, The adapter pilot for.this O-ring has a very
sharp 90 deg edge with no chamfer, The manufacturer of this ‘hand-
loader stated that similax failures have been experienced in the
assembly of this part, The failure a4nalysis concluded- that the
O-ring fallure was initiated upon asgembly, Figure VILI-43 shows
the main piston O-ring failure, The 1light colored paxticles on
the plaston in Figure VIII-44 are lubricant,

The poppet stem O-ring also failed at 195 cycles, This
failure and subsequent failurcs were g result of excessive O=-ring
groove width (Fig, VIII-45),

The handloader (75M08830) was zepaired and reinstalled in
the test system,

Lest System Component Discropancy - The pressure handload-

er (75M08830) leakad through the top of the. handle at 935, 1113,
and 1326 cycles, In each of these failures the. poppet stem O-ring
(P/N J200A2) was chewed up (Fig, VIIL-45) .. New. O~rings were in-
stalled after.each failure and prior. to continuing the test, The
O-ring failures are attributed to a rolling and spiraling action
in the O-ring groove with subsequent nibbling on the inside and.
outside diameters. The failure analysis concluded that these O~
ring failures were not due to contamination, but to excessive O-
ring groove width which permitted the O-ring te roll.and spixal .,

The O-ring (J20016A), in.the main piston of the handloader,
had two failures: (1) just prior to test, and (2) after 1326 cy-
cles (Fig, VIII-40) .

At 1113 cycles it was observed. that- the filter screen on
the inlet fitting had been dislodged from the flcting and. had mi-
grated to the retaining spool in the handloader., The screen was
removed from the component prior to continuing the test, At 1326
cycles the filter screen in the outlet fitting was laid back paral-
lel to the flow stream.. This screen was also removed, The filter
screens failed as a rxesult of contaminant loading and subsequent
AP across the screen, even though the screen is a very coatrse
mesh (Fig, VIII-46) ,

All of the remaining components functioned in a normal
manner with no anomalies for the full duration of the system test,
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Table VIII-32. HIAG Particle Counter Data, Tost System
after Checkout (0 Test Cycles)

Particle
Range First Next Next Next Next
(microns) [ 100 ml | 100 ml | 100 mi | 100 ml | 100 ml

5 to 15 28,728 | 33,347 | 13,580 | 7,679 6,688

15 to 25 579 655 353 197 154
25t 5 | e | 77 s2 | a3y 26
50 to 100 | ) 1]

100 + 0 0 0 0 0

Table VIII-33 HIAC Yarticle Counter Data, 100 Test Cycles

Particle
Range First Noxt Next Next Next Next Next Next
(microns) 100 ml | 100 ml 100 ml | 100 ml { 100 ml | 100 ml 100 m1| 100 ml

S to 15 | 114,941 1114,670 | 112,663 |111,478 [129,715 112,084 [111,833 ] 111,110
5 to 25 10,484 | 10,279 | 10,031 | 10,002 | 10,820 | 10,043 10,063 | 10,027
25 to 50 1,041 1,018 1,003 1,000 1,088 1,006 1,006 1,001
30 to 100 105 101 101 100 111 100 100 100
100 + 0 0 0 0 0 0 0 0

Table VIII-34 HIAC Particle Counter Data, 200 Test €ycles

-4

Particle

Range First Next Next Next Next Next . Next Next Next
. (microns) 100 m1 | 100 ml |. 100 ml 100 ml 100 ml 100 ml 100 ml | 100 ml 100 ml

5 to 15 {216,628 | 201,454 |176,419 | 163,576 168,911 [142,177 123,234 | 121,724 | 120,039

15 to 25 14,061 | 13,495 | 12,371 | 12,224 | 12,059 1,732 |. 9,327 9,109 | 8,720

25 to 50 1,766 1,670 1,388 1,422 1,390 1,186 1,007 961 970
50 to 100 47 53 57 41 57 34 23 22 23
100 + 0 0 0 0 0 0 0 0 0

Table VIII-35 HIAC Particle Counter Data, 300 Test Cycles

1 Rarticle
Range First Next Next Next Next Next Next Next Next
(microns) | 100 ml [ 100 ml | 100 ml | 100 ml | 100 ml | 100 ml | 100 ml | 100 mt 100 m1

5 to 15 1181,467 151,585 |121,571 {116,556 185,166 |136,804 135,449 | 135,139 |139,450

15 to 25 15,656 | 13,734 | 11,314 1,896 6,340 2,507 2,250 2,241 2,582

25 to 50 1,788 1,519 1,178 1,105 781 272 227 250 252

50 to 100 | 152 133 107 104 38 9 10 ) 14

100 + o 1 0 0 1 0 0 0 0
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Table VIII~-36 HIAC Particle Coéunter Data, 400 Test Cycles
Particle
Range First Next Next Next Next Next Next Next
(microns) 100 mi | 100 w1 | 100 m1 | 100 ml { 100 m} | 100 ml | 10C 1} 100 ml
5 to 15 | 184,036 |195,988 [165,303 {164,976 |146,524 | 144,627 7142.370 141,582
15 to 25 11,626 | 14,321 | 13,000 | 12,737 | 11,699 | 11,401 | 11,142y 11,203
25 to 50 1,964 1,351 1,939 1,930 1,658 1,703 1,602 1,621
50 to 100 153 161 188 90 176 183 173 . 166
100 + 2 5 9 2 1 2 0 2
Table VIII-37 MNHIAC Particle Counter Data, 500 Test Cycles
Particle
Range First Next Next Next Next Next Next Next
(microns) 100 mi | 100 ml1 | 100 ml | 100 mli § 100 ml | 100 ml | 100 ml | 100 ml
5 to 15 | 183,020 [182,065 |172,481 |141,580 112,815 |112,670 |111,855 | 114,318
15 to 25 11,571 | 14,812 | 15,337 | 12,989 | 10,339 | 10,092 | 10,132 { 10,013
25 to 50 1,174 1,591 1,652 1,336 1,144 1,031 1,000 1,000
50 to 100 109 119 121 106 102 100 100 100
100 + 0 0 0 0 0 0 0 0
Table VIIL-38 HIAC Particle Counter Datd, 600 Test Cycles
Particle
Range First Next Next Next Next Next Next |- Next
(microns) 100 ml | 100 ml 100 ml 100 ml | 100 ml | 100 wl | 100 ml 100 ml |
5 to 15 | 197,573 178,170 |173,178 {141,040 | 112,406 | 111,304 {111,442 | 112,086
15 to 25 17,063 | 16,199 | 16,045 | 13,249 | 10,422 | 10,246.] 10,223 | 10,203
25 to S0 1,808 | 1,713 | 1,670 | 1,325 1,044 | 1,013 | 1,017 1,021
50 to 100 131 128 124 110 102 100 100 100
100 + 0 0 0 0 0 0 0 0
‘-: Table VIII-39 HIAC Particle Counter Data, 700 Test Cycles
. Particle
Range First Next Neoxt Next Next Next Next Next
(microns) | 100 ml | 100 ml | 100 ml | 100 ml | 100 ml | 100 ml | 100 ml | 100 ml
5 to 15 § 151,212 |153,024 |155,587 | 151,687 | 148,945 | 149,625 |150,363 | 151,254
15 to 25 10,517 | 11,456 | 12,194 | 12,392 | 12,304 | 12,440 | 12,561 | 12,744
25 to 50 1,081 1,164 1,175 1,167 1,127 1,154 1,169 1,157
50 to 100 105 104 103 105 101 102 102 104
100 + 0 0 0 0 0 0 0 0




VIII-42 = MCR 69484
Table VIEI~40 HIAC Particle Counter Pata, 800 Test Cycles
Particle
Range First Noxt Next Next Next Next . Next Next
(micyons) 100 ml | 100 ml | 100 m 100 ml | 100 m 100 ml | 100 ml | 100 ml
3 to 15 |180,308 [167,887 | 168,091 | 166,531 166,667 |166,777 | 164,899 |165,279
15 to 25 13,538 | 13,577 1 13,674 | 13,856 13,953 | 14,092 | 13,979 | 14,062
25 to 50 1,227 | 1,258 | 1,264 | 1,288 | 1,312 | 1,329 1,333 |- 1,320
50 to 100 103 105 103 109 104 107 103 102
100 + 0 0 0 0 0 0 0 0
Table VIII-41-. HIAC Particle Counter Data, 900 Test Cycles
F_P'Brticlc
Range First Noxt Next Next Next Next Next Next
(microns) [ 100 ml | 100 ml 100 mi | 100 ml 100 ml | EOO mi 100 ml | 100 ml
5 to 15 69,419 | 95,140 | 100,243 102,458 98,3551 | 98,084 | 98,925 | 99,597
15 to 25 11,058 | 12,130 | 12,846 | 13,226 | 13,425 | 13,718 | 13 »724 | 13,984
25 to 50 1,135 1,221 1,322 1,325 1,320 1,366 1,350 1,395
50 to 100 106 110 109 108 107 107 109 113
100 + 0 0 0 0 0 0 0 0
Table.VIII~42 HIAC Particle Counter Data, 1000 Test Cycles
Particle .
Range First | Next Next Next Next - Next Next Next..
¢microns) | 100 ml |- 100 ml [ 100 mi [ 100 ml ,100 ml | 100 ml | 100 ml | 100 ml
5 to 15 89,865 | 95,682-|101,769 | 87,886 | 85,688 | 84,661 82,926 | 74,538
) 15 to 25 1,322 5,144 7,372 6,669 6,408 6,340 6,240 5,573
b g 25 to 50 257 756 992 875 818 761 767 672
50 to 100 12 58 44 31 30 26 26 19
106 + 0 0 1 0 0 0 0 0
Table VIII-43 HIAC Particle Counter Data, 1100 Test Cycles
Particle .
Range First Next Next Next Next _Next Next Next
(microns) 100 ml | 100 ml | 100 ml | 100 ml | 100 ml | 100 w1 | 100 m1 | 100 ml
5 to 15 |110,750 | 91,983 | 78,050 | 68,516 | 61 4070 | 51,529 | 47,371 44,242
15 to 25 6,726 7,579 6,649 5,827 5,325 4,319 X 3,856 3,587
25 to 50 866 1,016 871 17 617 484 506 410
50 to 100 32 23 28 11 1o 16 4 8
100 + 0 0 0 0 0 0 0 0
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Table VIII-44 UIAC Particle Counter Data, 1200 Test Cyeles
Particle | ) - ) '
Range First Noxt Next Noxt Noxt Next Noxt Next
(micvons) 100 m} 100 ml 100 ml 100 ml | 100 ml 100 ml 100 ml 100 ml
~5to15 [ 90,700 | 95,067 | 92,260 | 71,332 | 60,736 | 61,082 64,895 | 60,171
15 to 2% 6,580 7,600 8,074 6,537 5,713 5,813 6,204 5,695
25 to 50 834 928 9585 834 647 617 672 632
5 to 100 30 24 29 20 21 16 25 12
100 + 0 0 0 0 0 0 0 Q
Table VIIT«45 HIAC Particle Countor Data, 1300 Test Cycles
| Partlcele
Range First Next Next Next Next Next Next Next
(microns) 100 m] 100 ml 100 wl 100 ml 100 ml 100 m1 100 ml 100 ml
5 to 15 90,475 | 61,371 | 57,287 | 52,639 | 33,655 | 29,278 31,147 | 31,002
15 to 25 1,811 3,880 4,693 4,677 2,862 2,424 2,826 2,638
25 to 50 235 461 581 535 332 270 314 263
50 to 100 13 11 10 10 5 3 3 8
100 + 0 0 0 0 0 0 0 0
Table VIII-46 HIAC Particle Counter Data, 14C0 Test Gycles
Particles
. Range First Next Next Next Rext Next " Next Next
(microns) 100 ml 100 mi 100 ml 100 ml 100 ml 100 m1 | 100 ml | 100 ml
5 to 15 46,451 | 46,680 | 47,123 | 49,068 | 46,562
15 to 25 806 769 801 816 664
25 to 50 108 136 135 147 87
50 to 100 2 8 5 3 7
100 + 0 0 0 0 0
Table VIII-47 HIAC Particle Counter Data, 1500 Test Cycles
Particle .
Range First Next Next Next Next Next Next Next
(microns) | 100 ml | 100 ml | 100 mi | 100 ml | 100 m | 100 m | 100 ml | 100 ml
5 to 15 67,781 | 48,434 | 38,426 [33,378 | 32,678 | 32,131 28,888 | 26,364
15 to 25 5,748 5,179 4,220 3,713 3,723 3,658 3,278 2,966
25 to 50 831 759 678 524 510 525 437 427
50 to 100 32 30 17 15 15 7 11 4
100 + 0 1 0 0 0 0 o] 0

—
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Table VIII-48 lydraulic Oil Partiele Count (Millipore)
Sample Numbos 6oM30al | comaoaz | 6om3oa3 | 69MI0nk | 6oM3045
Volume of Sample Cownced 1) | 10 | 5 | 10 | 100 | 100 | 100
Sample Takon at Teat Cyele Mo, | 300 | 300 | 600 | oo 1200 | 1509
Particla—kangc (micron} - S V
6 to 10 INTC ™re | ooNte | mve | omvee | ovee
11 to 25 WIC | 140 Tvee [ oowe [ omvie | oo
26 ta 50 INTC 6,600 6,600 | 9,000 | 3,100 | 17,400
51 ta 100 930 s00| 1,500 | 1,240 650 | 1,500
- Over 100 420 700] 840 695 185 480

Note: 1) TINIC - Too Numerous To Count.
2) Sample volumes diluted from total sample taken,

Table VIII-49 System Test Interim Intevnal Leakage Test Data

o

Pressure Decay After Five Mlnutes (psig)/Regulator Sot
Pressure Pressure
Applicd to )
Tost Sordal [ (,0 4150 Cyele Number
Components Number -0 / 0 100 300 600 900 1200 1500
Cyliuder 75M06506 | Piston Rod Side 0 0 0 0 2.0 3.5 5.0
Piston Side 0 0 0 0 1.5 3.1 4.6
Regulator 1592 Inlet 0 0 0 0 0 0 0
2960 2969 2940 2920 2920 2935 2960
3300 01l Test Side 6.0 6,0 6.0 6.0 5.5 4.5 3.0
Alr Side 6.0 6,0 6,0 6.0 5.5 4.5 3.0
Accumslatos- 1299 01l Test Side 0 0 0 10| 20| 40| 6.0
Adr Side 0 0 0 1.0 2.0 4.0 6.0
399 Inlet 0 0 0 0 0 0 0
Solenoid Outlet 0 0 0 0 0 0 ¢
Valve 198 Inlet 0 0 0 0 0 0 0
Outlet 0 [¢] 0 0 0 0 1.0
Check 9021312 Qutlet 0 0 0 0 0 0 0
Valves 9021313 | Gutlet 0 0 0 0 0 0 0
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¢, Fipal Functional Test Results and Discussion

After the system contamination test was completed, fune~
tional tests were conducted for each component in order ta aceu~
rately evaluate component performance after teating, Performanece
was measurcd against thoe initial functional test results obtained
prior to the contamination tests, Tables VIII-26 through VITI-31
present the results of cach component final funetienal test,

The test reaults between the prefunctional and postfunce
Lional tests are very nearly the same in all reapeets, The fole
lowing conelusions may be veached from the datas

1) The data comparison prior te and after the contamlna-
tion tests are ncarly the same showing very little
if any, degradation in performance;

2) The cylinder leakage is comparable, and the breakaway
foree decreased;

3) Solenoid response time increased slightly, and inter-
nal leakage incrcased but is still within the service
arm specification;

! 4) The cheek valves had zero leakage and the cracking
and reseat pressures decreasoed;

3) The regulator performance improved and was within
specification, whereas the initial performance prlor
to the contamination tests was out of specification
in some instances;

6) The accumulator internal leakage decreased on S/N
6K3300, The leakage on S/N 6K3299 increased from
zero leakage to 6.1 drops per minute., NASA criteria
are 10 drops per 15 minutes for this accumulator, The

leakage was duc to O-ring laminations, net contamina-
tion;

7) The 0,020 bleed orifice flow rate performance was
identical (0.48 gpm at 3000 psig).

-
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d. Einal Component Disassembly snd Inspection

Following completion of the fipal functional rese, cach

test specimen was completely digassembled for v o Cion. (o
tamination was Tauad in cvery component, pactical.as by whe oo )y,
draulie oll vresldue was nol complecely drafned trom che Compan. ot

kach plece of the system tent tubing was digasgenblod, and apain
contomination was found in cach plece of tube wher: ofl residoe
was tound, The lospeetion showed that the contaminant wan we |
distributed throughout the nystem, Flgures VID-40 thihough VLI«
46 show the hydraulic test speclmens prior to disassembly, an
exploded view showing the prece parts of cach component , and goe
leeted photographs exhibiting the extent of contamlniation and/or
anomalics,

A detatled deseription of the observations made for vach
component follows and {8 in sequence with the component photos
graphs,

Pressure Handloader (75M08830) - Many fince paiticles of
contuminant were found in all parts of the handloader, particu-
larly where oil residue still remained. Figures VI1L-42 and
VII1-43 show the contaminant, which consisted of A.C. road dust,
teflon, rubber particles, and fibers, remadning in the valve body
and piston,

The O-ring (J200A16) in the main piston chowed normal
wear (Fig. VIL1-44), Two previous failures of Lhis Oering
occurred prior to and during the tests, The first O-ring failed
prior to contaminant injection; the sccond at 1326 cycles, This
O-ring failurc is attributed to assembly problems and rolling and
spiraling in the groove with subscquent nibbling on the inside
and outside diameters, The cause of this O-ring failure is pot
attributed to contamination.

The sensing piston O-ring was not worn. Four longitudi-
nal scratches were obscrved on the O-ring lands, but there were
no scratches on the mating part, The teflon pilot on the scnsging
plston was burnished on one side of the outside diameter duc to
wear, and showed some longitudiunal scratches, The corresponding
inside diameter of the retaining spool showed wear marks for the
full 360 deg with some longitudinal scratches. These indications
of wear and scratches are attributed to contamination. The
medasured final cledrance between these two parts is 0,001 in,

(25 microns). A.C. road dust and metal particles were observed
on the retaining spool.
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The main seat of the poppet atem was badly eroded due to
particle impingement, although this handloader did not leak, The
crosion was similar to that evidenced 1in the pneumatic handloader
which has a similar configuration, Yeep scratches were observed
on the mating nylon seat for the full diameter of the conical
sealing surface., These seratches were caused by particles flow~-
ing over the seat of the poppet valve thus causing the gouges,
The O-ring (J200A2) on the poppet stem was badly chewed up, Dur-
Ing the contamination tests this O-ring failed four times (Fig,
VILT=45), It 18 our conclusion that theso Oering failurcs are
not due te contamination, but to excessive groove width which
permits the O-ring to voll and spiral, Tt should be noted Lhat
this component, and the flow orifice, actually saw 3000 test
cycles whereas the remaining components were run for 1500 test
cyeles,

Figure VIII-46 shows the inlet and eutlet fittings and
filter screens., The inlet filter screen dislodged from the fite
ting at 1113 cycles and had migrated to the retaining spool in
the handloader, At 1326 cycles the filter screen in the outlet
fitting was laid back parallel to the flow strcam. This screen
was removed from the system and is shown in Figure VIII-46, The
filter scrcens failed as a result of contaminant loading and
subscquent AP across the screen, even though the screen is a very
coarse mesh.  The outlet screen was loaded with a black residue

that appeared to be either a rubber scal material or lubricant
from the accumulators,

|

|

" All of the remaining O-rings, seals, and piece parts in
» the handloader were in good condition,

Check Valve (75M05365-4, S/N 9021312) - Many small parti-
cles and long fibers were observed in the check valve body and
poppet., When the valve was disassembled, it was found that the
O-ring in the valve which forms one of the sealing surfaces was
missing (Figure VIII-48)., The valve did not leak during the con-
tamination tests or postfunctional tests. This check valve de-
sign has a dual sealing action; it first forms a seal on the O-
ring, then on the metal seat, It is believed that the O-ring
was never assembled into the valve, and it was received in this

condition., There was no sign of seat erosion or valve degradation
due to contamination.

Check Valve (75M05365-4, S/N 9021313) - Many small parti-
cles and long fibers werc obscrved in the check valve body and
on the poppet. There was no evidence of degradation in the valve,
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Two-Way Solenoid Valve (75M08823-1, S/N 399) - The sole-
noid body was fairly clean with a few large particles of teflon
and residual lubricant in evidence,

Several particles were observed in the residual lube in
the V-groove between the two top O-rings (Fig. VIII-51), All
three O-rings on the stem showed normal wear and were not chipped
or nibbled, The backup rings werc not scratched and did not
show any signs of wear, Long (0.25 in.) slivers of O-ring were
observed in both of the two top O-ring grooves, but were not from
this valve. The main poppet seat was not eroded., The main nylen
seat was not eroded or .scratched, but did show some evidence of
cold flow. There-was -no evidence of wear in the valve.

A long sliver (0,625 inch by 200 micron) of stainless
steel was still attached to the O-ring pilot edge of the O-ring
support seat and is a result of machining (Fig. VIII-53), This
edge was very sharp. The mating static O-ring was chewed up and
its conditien is believed to be the result of assembly over the
sharp edge or because of a "pinching effect" during assembly.

Two-Way Solenoid Valve (75M08823-1, S/N 398) - The
cleanliness condition of this valve was similar. to S/N 399. All
three O-rings on the poppet stem were in good condition., The
nylon seat was in good condition, but showed evidence of some
cold flow. There was no erosion on the main poppet seat. The
bottom stem pilot showed indications of wear and longitudinal
scratches for approximately 0.25 in. on the diameter, The mat-
ing inside diameter on the retaining spool also showed indica-
tions of wear and-longitudinal scratches (Fig. VIII-52), The
measured clearance between these two parts is 0.00l in. (25
microns). The wear and scratches were not severe, but can be
attributed to contamination. Figure VIII-52 also shows many
particles inside the spool, the majority of which were of O-ring
material, These particles had to migrate from another component
because the only O-ring failures in this valve were not in the
flow path, The static O-ring that fits on the retaining spool
(Fig. VIII-52) was chipped in one place for approximately 0.25

in. on the outside diameter. This failure is attributed to
assembly problems,

The static O-ring on the support seat was nibbled in a
manner similar to that described for valve S/N 399,

Hydraulic Cylinder (75M065067) - The sliding surface of
the V-cup seal on the piston head was worn around the periphery
of both seals. Large pieces of V-cup seal material were observed
in the piston head V-groove, and large particles of metal were
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imbedded in the V-cup seal, A fow longitudinal scratches were
observed in the brass piston head, Although the cylinder leakage
did not inc¢rease as a result of the contamination tests, all.of
the above anomalies can be attributed to contamination,

No scratches were visable on the cylinder bore, bhut the
entire bore was coated with many fine particles of contaminant.

Many particles that appearcd to he chevron seal material,
brass chips, and test contaminant were observed on the retract
head,

The chevron rod scals showed normal wear except for the
last scal which was badly chewed up on the outside diameter,
This seal lies next to the gland nut, and it is belicved that this
seal would be damaged cvery time on assembly because of the design
(Fig, VIII-52), Very slight scratches were observed on the cylin-

der rod,

Hydraulic Ac¢cumulator (75M08814-1, S/N 3300) - Both heads
of the accumulator were very heavily lubricated with a black lu-
bricant (Fig, VLII-59) in the threads and on the static. O-rings,
Large slivers of O-ring material were observed in the thread re-
lief. A large quantity of fine road dust, large teflon, brass,
and metal particles was observed in the oil residue remaining
in the lower head, which is the side seeing the injected contam-
inants,

The static O-rings on both heads were badly nibbled on
the entire outside diameter (Fig, VIII-60), The O-ring failure
could be due to one of two causes: (1) pressure pulsations and
incorrect groove design, or (2) cutting by the threads upon assem-
bly-disassembly,

The barrel of the accumulator contained many deep gouges,
spaced at very equal intervals (0.125 in.), that could be a re-
sult of tool marks or contamination, The cylinder wear pattern
is sketched on the following page and shown in Figure VIIi-6l,
The sketch shows only the relative position and lengths rather
than the exact number of gouges, The clearances are actual mea-
surements between the piston and the barrel, The variation in
clearances is due to some "egg-shape" in the barrel, as measured
at 90 deg to each other, It should be noted that the leakage in
this accumulator decreased during the contamination test,
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Clearances
Top
0.001 ~ 0,0035 in,
l |||| I Himng
u “[Jlu
0.0038 - 0,0043 in, , '
lii
0.004 -« 0.0045 in.
“Botton

Some very slight scratches that may be due to contamination were
observed all around the inside diameter. The barrel walls were
coated. with fine particles that appear to be teflon, fine dust,
and Q-ring slivers,

The top land of the piston shows some wear and approxi-
mately 15 lomgitudinal scratches seme of which.may be due to the
gouges in the bore and some to the contaminant. The extent of
each cause is impossible to determine (Fig. VIII-62). The top
O-ring showed normal wear with some rolling action. On the side
of the O«ring oppwsite the backup ring there were approximately
26 pits in the O-ring that appear to be caused by laminations in
the molding process, The pits were not on the sealing surface,
even considering the rolling action, and were not due to contam-
ination, The top backup ring was badly scratched around the out-
side diameter in.a longitudinal direction. The seratches are a
result of contamination with some effect due to the gouges in the
bore (Fig. VI1I-62),

The bettom O-ring on the piston looks very good with some
very slight longitudinal scratches on the wearing surface. The
condition of the bottom backup ring was the same as that of the
top land. The bottom land showed normal wear with some slight
burnish marks but no scratches or gouges .

Many particles of teflon, road dust, metal, and rubber
were observed in the O-ring grooves and on the Q-rings,
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Hydraulic Accumulator (75M08814-1, 8/N 3299) - Both heads
of the accumulator were heavily lubricated and contained consid-
erable contamination similar to 8/N 3300 (Fig. VIII-63). The
static O~rings weve nibbled similarly to S/N 3300, but the ribbling
was not as scevere (Fig, VIIL-60),

The accumulator bore contained one deep gouge appro» lmdtely
12 in. long located in the middle of the stroke, There was fndi-
cation that the bore had been polished or honed in this arca after
machining in an attempt to eliminate the serateh. Except for this
scrateh the bore was perfect, without even minor scratches (Fig,
VIIL-64),

The top O-ring on the piston was nibbled all around the
outside diameter. Onc arcea (0.625 in, long) was nibbled out badly
(Fig. VIII-62). The nibbled inclusions were shiny in appearance,
indicating lamination problems in the manufacturing process, The
lecakage on this accumulator increascd during the tests, and is
probably a result of the deep nibbling that occurred in one arca
of the O-ring. The top land had approximately nine longitudinal
scratches. Both the top and bottom backup rings contained longi-
tudinal scratches, but not as many as on S/N 3300, The bottom
O-ring was spiraled but showed normal wear with no pits or nib-
bling. This O-ring was on the contaminant sfde of the accumula-
tor. A considerable number of particles of all types were en-
trapped in both O-ring grooves.

The measured clearances for the piston and accumulator
were $

Top Clearance = 0,0024 to 0,0029 in,
Middle Clearance = 00,0024 to 0,0027 in,
Bottom Clearance = 00,0021 to 0.0024 in.

Orifice - This orifice (0.020 in. diameter) plate was con-=
structed of aluminum and was placed in the system to determine
the effucts of clogging and erosion. The contaminant injected
into the system contained particles as large as 750 microns and
fibers up to 4000 micron, whereas the 0,020-in, orifice represents
500 microns. The inlet edge of the orifice was rounded to a
radius. The inside diameter of the orifice contained gouges that
appeared to be the result of hard particles passing through the
orifice. The orifice was not plugged with particles.
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Figure VIII-3 Three-Way Solenoid Valve Functional Test Schematic
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Figure VIII«6 Pneumatic Conttamination Test Systemn
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Solenoid Valve (75M08824.-1)
(Scale Division = 0, 0156 in,)

e

Figure VIII-9 Metal Sliver
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Figure VIII-11

Pressure Regulator..(75M08831 -1 )
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Figure VIII-14 Inlet Fitting (75M08831-1)
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Figure VIII-15 myo

“Way Solerioid. Valve (75M08824 -1)
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Figura VIII-18 ”'mree-»Way Solenoid Vélve (75M08825-1)
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Figure VIII-24 Eroded Poppet Seat Nitrogen Handloader
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Figure VIII-29 Three-Way
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Solenoid Valve (75M09285-1, S/N 281)
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| Figure VIII-32 Two-Way Solenoid Valve (75M08823-1)
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Pressure Handloader (75M088
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Pigure VIII-41 Pressure Handlosder (75M08830)
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Figure VIXI-42 Valve Body ¢75M08830)
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Figuve VIIX-44 Piston (75M08830)
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k oo | Figure VIII-46 Fittings and Filter Screens (75M08830)
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Eigure VIII-47 Check Valves {75M05365-4)
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Figute VIIL-48 Check Valves..(75M05365-4).




MCR~69~484

VIII~100..




MCR~69-484

VIII-101

|
S

Figure VIII-50 Two-Way Solenoid-Valve (75M08823-1)
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Figqre VIII-51 Poppet Stem (75M08823-1)




MCR~69-484 VIIL=103

L :
‘ :
!
: { .
n H
{ -

Figuge VIII-52 Retaining Spool (75MOB823-1)
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‘Metal Sliver

Figure VIII-53 Static O-Ring and Support
Seat (75M08823-1)
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Figure VIII«54 Hydraulic Cylinder (75M065067)




(L90590MSL) I9putidy ofIneip g ¢G-EIIA @anSig

MCR~-69+484 ..

VIII-106




MCR-69-484

| Figure VIII-56 Cylinder.Chevron
- Packing (75M065067)
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Figure VIII-57 Accumulator (75MD8814-1)
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Accumulator (75M08814-1)

Figure VIII-58
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Figure VII?_[—59 ‘Accumulator (7
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Figure VI¥T-63 Accumulator (end view) (75M08814-1, S/N 3299
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PRECEDING PAGE BRANK NOQT FiLME
A-3
MCR~69~484
SPECIFICATION FIND NUMBER CATEGORY
NUMBER ITEM LOCATION
A B
B75M05365 Gheck Valve 5418 (1-8) X
544, (1=8) X
5484 (h-8) X
5651 (4=7) %
5680 (#=7) X
34732 (9) X
34756 (9) X
34757 (9) %
34760 (9) X
34763 (9) X
34821 (9) X
75M06116 Solonoid Valve 34701 (9) X
75M06118 Check Valve 34703 (9) X
_ 75M06201 Flow Control Valve 5521 (1-8) X
{z 75M06350 Pump 5306 (HCU=-1-2) X
| 75M06506 Cylinder, Hydraulic | 5702 (4-7) X
75M06597 Pump 5309 (HCU-1-2) X
75M06604 Check Valve 5314 (HCU-1-2) X




A-4
MCR~69-484
SPECIFICATION FIND NUMBER CATEGORY
NUMBER ITEM LOCATION -

A B
75M06605 Relief Valve 5208 (HCU=-1 =2) X
75M06606 Filter 5207 (HCU-1 -2) X
75M06607 Filter 5304 (HCU-1 =2) X
75M06660 Relief. Valve 5316 (HCU=-1 =2) X
75M06706 Snubier ' 5341 (HCU~1 =2) X
7M07505 Pressure Switch 5342 (HCU-1. -2) X
7M07725 Cylinder, Pneumatic | 5894 (2) X

7M07998 Cylinder, Pneumatic 5811 (6-7) X
75M08053 Filter 5395 (1-8) X
29692 (3) X
34747 (9) X
75M08142 Valve, 3 Way 29694 (3) X
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SPECIFICATION
NUMBER

ITEM

FIND NUMBER
LOCATION

CATEGORY

A B

75M08231

75M08323

79M08325

Cylinder

Pressure Switch

Check Valve

5583 (4-8)

5432 (1-8)
5511 (1=8)
5533 (4=8)
5691 (4=7)
5767 (6)
5795 (7)
5852 (4-8)
5883 (2)
5908 (2)
5944 (1)
5991 (4)
6033 (4)
6072 (8)
6104 (8)
6132 (8)
6377 (7)
29741 (6)

5461 (1-8)
5561 (4-8)
5687 (4-7)
5710 (6~7)
5776 (7)
5823 (4-6)
5888 (2)
5917 (2)
5953 (1)
5978 (&)
6036 (4)
6045 (4)
6060 (8)
6082 (8)
6092 (8)
6142 (8)
6143 (8)
6387 (7)
6399 (7)
6419 (7)
29606 (7)
29607 (7)
29875 (L4-6)
34802 (9)

X

P DI P RPN talt oo R I B

> >¢ M4




A-6

SPECIFICATION
NUMBER

—— e e . e

ITEM ..

MCR-69-484

»

FIND NUMBER
LOCATION

CATEGORY

B

7M08326

75M08409

75408414

75M08415

Check Valve

Snubber

Metering Valve

Relief vValve

5782 (7)
29745 (6)

S5k31. (1-8)
9510 (1-8)
5532 (L4=8)
5690 (4=7)
5763 (7)
5766 (6)
5849 (4-7)
5881 (2)
5907 (2)
5943 (1)
6031 (4)
6070 (8)
6102 (8)
6131.(8)
6379 (7)
29739 (6)
34693 (9)
34726 (9)

5924 (2)
3957 (1)
5478 (1-8)
6251 (9)

5476 (1-8)
5486 (1-8)
5727 (1-7)
5896 (2)
29691(3)
29693 (3)
29774 (4=7)
34665 (9)
34680 ¢9)
34753 (9)
34754 (9)
34797 (9)

4+
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SPECIFICATION
NUMBER

MCR~69-484

S TSR mmTTmoNmm o Ty mmm——— =

ITEM.

FIND NUMBER
LOGATION .

CATEGORY

A B

75M08617

75M08814

75M08819

75M68820

75M08821
75408822

75M08823

Check Valvs

Accumulator

Couniterbalance Valve

Pilot Operated Valve

Pilot Opersated Valve
Pilot Operated Valve

Solenoid Valve

5610 (5=7)

5468 (1-8)
5654 (4=7)

5502 (1~8)
5503 (1~-8)
34808 (9)

s481 (1-8)
sk82 (1-8)
29675 (1-2)
29676 (1-2)
34767 (9)
34768 (9)
34771 (9)
34774 (9)
34776 (9)
34778 (9)
34780 (9)
34783 (9)

5513 (1-8)

5537 (4-8)

5417 (1-8)
5420 (1-8)
5460 (1-8)
5560 (4-8)
5578 (4-8)
5850 (4-8)
5667 (4-7)
5707 (6)

5977 (&)

34814 (9)
34822 (9)

X
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e
SPECIFICATION
NUMBER

ITEM

e m— . o - -

FIND NUMBER
LOCATION

CATEGORY

75M08824

75M08825

75M08826

75M08827

8olenoid Valve

Solenoid Valve

Pilot Operated Valve

Pilot Operated Valve

5787 (7)
5837 (ha?)
5887 (2)
5914 (2)
5952 (1)
6023 (4)
6058 (8)
6090 (8)
6138 (8)
6400 (7)
29731 (6)

5507 (1-8)
5528 (4-8)
5688 (4-7)
5762 (4-7)
5792 (4=7)
5844 (4=7)
5879 (2)
5895 (2)
5904 (2)
5940 (1)
5985 (4)
6028 (4)
6066 (8)
6099 (8)
6128 (8)
6382 (7)
29736 (6)

5663 (4-8)
6081 (8)
6113 (8)
6368 (7)
6405 (7)

5730 (4-7)

ta R R R o B
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A-9

SPECIFICATION
NUMBER

ITEM

FIND NUMBER
LOCATION

CATEGORY

75M08829

75M08830

75M08831

7M08836

75M08839

75M08841

 Automatic Valve

Regulator

Regulator

Regulator

Solenoid Valve

Solencid Valve

5785 (7)
5835 (4=7)
5886 (2)
5913 (2)
5951 (1)
5956 (1)
6022 (4)
6057 (8)
6089 (8)
6136 (8)
k01 (7)
29730 (6)
34705 (9)

5419 (1-8)
34734 (9)

6075 (8)
6108 (8)
6373 (7)
6410 (7)

6396 (7)
6374 (7)

5439 (1-8)

5479 (1-8)
6254 (9)
6296 (9)
29677 (1-2)
34660 (9)
34661 (9)
34769 (9)
34772 (9)
34779 (9)
34784 (9)
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SPECIFICATION
NUMBER

ITEM

FIND NUMBER
LOCATION

CATEGORY

A B

75M09007

75MO90L4

75M09283

75M09285

75409362

Check Valve

Cylinder

Level Switch

Solenoid Valve

Cylinder, Hydrauliec

5475 (1~8)
5553 (h-8)
34698 (9)
34770 (9)
34773 (9)
34775 (9)
34777 (9)
34809 (9)

6007 (4)
6018 (4)

5470 (1-8)
5656 (4«7)
6249 (9)
6250 (9)
6290 (9)
6292 (9)

5642 (7)
5809 (7)
5829 (4=7)
5860 (4-7)
5868 (4)
5871 (4)
5923 (2)
6040 (4)
6049 (&)
6053 (4)
6054 (&)
6147 (8)
6150 (8)
6413 (4-7)
6420 (4=7)
29753 (6)

5492 (1-8)
5497 (1-8)

PUDC PR DC DA D4 D DC DE DE D DE DE 2 D <
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A-11
MCR~69~484
SPECIFICATION FIND NUMBER CATEGORY
NUMBER ITEM LOCATION R G
A | B
79M10090 Solenoid Valve 5770 (6) ¢
75M10272 Regulator 5611 (5-7) %
75410807 Cylinde: 5626 (5~7) %
75M10992 Filter 5388 (1-8) X
5390 (1-8) X
5563 (4=8) X
5613 (4) X
34748 (9) X
34749 (9) X
75M11428 Selector Valve 5612 (5-7) X
75M11149 Air Motor 6122 (8) X
6390 (7) X
75M11558 Metering Valve 6391 (7) X
75M12157 Cylinder, Hydraulic 34825 (9) X
34827 (9) X
7M12560 Rotary Actuator 34840 (9) X
34845 {9) X
75M12665 Accumulator 6244 (9) X
6245 (9) X
6246 (9) X
6247 (9) X
7M13255 Regulator 34964 (9) X
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SPECIFICATION
NUMBER

ITIM

FIND NUMBER
IOCATION

CATYGORY

75M16990

7M21479

75M51383

75M51630

75M51766

76K00187

76K00188

76K00189

Solenoid Valve

Orifice...

Regulator

Check Valve

Pressure Switch

Eolanoid Valve

kilter

Prifice

34755 (9)

34758 (9)
34759 (9)
34761 (9)

582 (k)
5875 (4)

5459 (1-8)
5559 (48)
5666 (4«7)
6200 (9)

34939 (9)
34944 (9)
34954 (9)
34956 (9)
34960 (9)
34963 (9)
34972 (9)
34974 (9)
34981 (9)
34984 (9)

34699 (9)
34724 (9)

34704 (9)

34863 (9)
34864 (9)
34865 (9)
34866 (9)
34867 (9)
34868 (9)

34762 (9)
34765 (9)
35730 (9)
35731 (9)
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SPECIFICATION
NUMBER

MCR~69-~484

ITEM

FIND NUMBER
LOCATION

CATEGORY

A B

76K00251

76K03230

76K03578

76K03824

76K03825

Bl0425701

B10425928

B16426693

Valve, Deceleration

Cylinder

Orifice .

Cylinder, Pneumatic

Cylinder, Pneumatioc

Solenoid Valve

Check Valve

Check Valve

34839 (9)
34849 (9)

34934 (9)
3h935 (9)

34981 (9)
4971 (9)
24989 (9)

34952 (9)

34988 (9)

34937 (9)
34938 (9)
34949 (9)
34953 (9)
34955 (9)
34959 (9)
34961 (9)
34962 (9)
34969 (9)
34970 (9)
34973 (9)
34983 (9)
34985 (9)
34986 (9)

34987 (9)

34950 (9)

X
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MCR~069~484
SPRCIFICATION . FIND NUMBER. CATEGORY |
NUMBER...... . ITEM LOCATION "T*-' B
Vendor P/N Check Valve 5866 (4) X
800262-1.9 5869 (4) X
Marotta 597 2 (&) X
597h (&) 4
' Vendor BN Check Valve 5863 (9) X
204002=19 6153 (6) X
Marotts —
Vendor P/N Solenoid Valve .- -4 11190 (6) X
MV583
Marotta
Not Known Orifice Plate 5594 (7) X
75M24511 Orifice Plate 29727 (6) X
75M24512
75M24513
TOTALS 137 | 194
‘ p
|
|
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FRECEDING RAGE BANR wey

MCR-69-484

COMPONENT ANALYSIS
COMPONENT Check Valve

~SPECIFICATION NO. 75M05365 (-4, -6)

VENDOR James Pond Clark

VENDOR P/N (-4) 277 T1-8NN (-6) 277 T1-12NN.

FIND NUMBERS/CATEGORY A5418(1-8) /B, A5441(1-8) /A, AS5484(4-8) /A,
A5651(4-7) /B, A5680(4-7) /B, A6185(9) /B,
A6226(9) /A, A6230(9) /B, A6252(9) /B,
A6273(9) /B

FAILURE MODES 1) Leakage - System Malfunction
2) Stuck Open = System Malfunction.
3) Stuck Closed - System Malfunction

ANAIYSIS These check valves are the James Pond Clark standard
200 series check valves as shown in the James Pond Clark Catalog.
It is a poppet type check valve constructed of 303 SS material
and Buna N seals. Cracking pressure required.to open is .5 to

1 psi. The valve is required to have zero leakage up to maximum
operating pressure. The check valve has a well guided, tapered
poppet with a clean flow design such that normdl flow paths of
contaminant particles wiil flow through the valve without being
trapped or causing damage to the seals. The James Pond Clark
Engineering representative stated that these valves are used in
commercial cleaned system without problems, as the poppet design
is tapered to make it "self-cleaning". MMC has used many of these

check valves in the Titan systems without any known contaminant
problems.

ACTION Recommend the check valve not be considered for test.
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Bg MCR~69-484
COMPONENT ANALYSTS
COMPONENT Solenoid Valve
SPECIFICATION NO, 75M06116
JVENDOR Marotta Valve Corp,
VENDOR_P /N 225884 (MV74VE)
FIND NUMBERS /CATEGORY A34701(9)/8
FAILURE MODES De-energized - Can't check sys, press,
transducer

Energized - No system readout;
constant charge
Leakage - Possible erroneous readout

ANALYSIS

This valve for analysis purposes according to Marotta
engineering is similar to 75M08825,

ACTION

Recommend that 75M08825 be tested,
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COMPONENT ANALYSIS
COMPONENT Cheek Valve

SPECIFICATION NO. 75M06118

VENDOR Jdames Pond Qlark

VENDOR P/N HP279T1-8NN
FIND NUMBERS /CATEGORY A3470(9)/B, A34703(9) /B

FAILURE MODES Same as B75M05365 (Item 1)

. ANALYSIS Same as B75M05365 (Item 1)

ACTION Recommend the check valve not be considered for test.
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MCR~69=-484
COMPONENT Deceleration Valve
SEECIFICATION NO.  75M06201-1 Modified to 75M21842-1
VENDOR Racine
VENDOR P/3
FIND NUMBERS/CATEGORY AS5521 (1~8)/A
AILURE MODES
Blocked-=-No Arm Retraction
Erratic - Loss of Arm 8peed Control (Auto)
LYS

The deceleration valve is a composite of a relief valve,
a sequence valve, a pressure compensator valve and a cam operated
variable orifice spool. The sequence valve and pressure compensator
valve are to be removed after test and.retained in a parts kit. This
leaves the valve as a mechanical variable orificc with a flow range

of 60 to 120 gpm ¢nd a full flow relief valve. ECP. 0258 provides for
this modification.
Seal Material - Viton A

Leakage
External =~ None

Lubrication - Kel-F~90 Grease

Cleaning - Racine does their own cleaning of this component.
The component is checked for .cleanliness to NASA

Specs by sampling the effluent after the functional
test.

Tolerances - All moving parts have clearances from . 0006
to .0011 of an inch.

The Racine Technical Representative felt this component
would function with no problem in industrial level cleaned hydraulic

fluid. Stability problems were given as the reason for modification
of this valve,




MCR-69-484

The variable orifice spool is the only part in this.valve
which 1s chrome plated and the rest of the valve is made from
hardened steel. The parts used in the valve have a rust
preventitive on them and it is removed prior to assembly,
Unless the valve is protected from moisture intrusion prior to
installation there may he a corrosion problem,

This valve 18 not considered contamination sengitive..due to
the following reasons:

1,

ACTION

The tolerance on the variable orifice spool is fairly
tight but the spool is operated by a mechanicam can which
should overcome any sticking due to contamination.
Previous failure history of.the valve.

Recommendation of the vendor.

Valve not considered to be a contamination generator.

This valve is not recommended for test,

B-7
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COMPONENT ANALYSIS
COMPONENT Pump
SPECIFICATION NO, 75M06350
VENDOR Commercial S8tamping & Shearing Co.
VENDOR P/X P 15H 300 BEYR 10-16
FIND ERS/CATEGORY A 5306(HCU 1, 2)/B
FAILURE MODES Inoperative - Possible hydraulic failure

ANALYSIS

The fixed-displacement, gear type, supercharger pump draws
fluid from the reserwoir through a 140 micron (nominal) filter
and supplies the mainstage high pressure pump with 11 gpm at 30
psig. The excess fluid from the supercharger pump is diverted
through a low pressure relief valve and back to the reservoir,

The discharge fluid from the supercharger pump is filtered through

a 10 micron (nominal) filter to protect the high pressure pump from
contamination.

The gear type pump does not appear to be contamination
sensitive and should be able to operate satisfactorily on a
contamination level at least as dirty as the high pressure pump.
The high pressure pump was designed to operate satisfactorily on
fluid cleaned to NAS 1638 Class 9. The gear type pump does not
appear to be a large contamination generator and any contamination
critical to the system should be removed by the 10 micron (normal)
filter just downstream from the pump.

ACTION

This fixed-displacement, supercharger pump is not considered
contamination sensitive or a high contamination generator and is
not recommended for test.
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COMPONENT ANSLYSIS

COMPONENT Cylinder, Hydraulic

SPECIFLCATION NO, 75M06506

VENDOR  Pathon Mfg, Co,
VENDOR P/N  C-11145
FIND NUMBERS/CATEGORY A5702(4-7) /A

FAILURE MODES Stuck No carrier withdrawal
Leakage Possible withdrawal malfunction
ANALYSIS -

Seal Material - Bwna-N per MIL-P-25732, Viton A per MIL-P-25897, or
Polyurethane, backup ring per MIL-R-8791
Leakage -GN, around barrel - none
Ro& end 10 cc per 25 operating cycles ,internal piston
by-pass 5«25 ce/min

Hyd.. around barrel - none

Rad end 1 drop per 25 opeérating cycles ,internal piston
by-pass = 5 cc/nin

Lubrication - The spec calls out MIL-H-5606 for hydraulic cylinders
and Kel-F-90 for pneumatic cylinders, but according to the Pathon
Technical Representative it was going to be changed to some other
lubricant, The lubricant may be Atlantic Refining Company #54
Lubricant. A problem with "0" ring spiraling on acecumulators was
evidently solved by using this lubricant.

Tolerances on cylinders between piston and barrel ranged from .0025
to .0095 in. on an 8 in. bore and .003 to .009 in. on a 3 in. bore.

The hydraulic cushion which 1s used on some cylinders does not
appeat to be tontamination sensitive,

Leakage at the rod end seal would probably be the most common type
failure once & cylinder is installed in the system. A metal wiper
is used on the rod end to prevent contamination from entering the
cylinder., Teflon or some other softer material would probably be

B-9
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MCR~69-484

more effective in keeping contamination out of the cylinder but
temperature requirements prevents their use.

Most of the cylinders now or soon will have stainless barrels and
rods and. improved seals, This should reduce the problem of contamina-
tion generation and make cylinders less sensitive to contamination.

According to the Pathon Mfg, Technical Representative they clean
their eylinders to an industrial level. They perform the functional

and proof pressure test using hydraulic ofl MIL-H-5606 and: then send ...

the cylinders with minimum seals to their cleaning vendor, TMC
(Technical Micronic Control), to- be disassembled, cleaned to NASA
Specs., seals replaced, reassembled, and functional checked. The
approximate.cost.for thid cledning was $200.00 for a .75.MO 7362
cylinder.

The hydraulic and pneumatic cylinders built.by Pathon Mfg., Co., are
not considered to be contamination sensitive. The contdmination
generation is not believed to be high due to the smooth finish .re-
quirements and improved seals used in cylinder construction, but
testing may be required for werification,

Cleaning, assembly and test procedures or methods will be further
reviewed.to determine if the cylinders are meeting the reliability
requirements without undue effort.. .

Pathon's Technical Representative said that hydraulic cylinders
could stand more contamination than the pneumatic cylinders because
hydraulic fluid lubricates the contamindnts and allows them to
"slide around® rather than causing wear which could happen in a

dry pneumatic cylinder.

ACTION

This valve is not particularly contamination-sensitive, but
does represent a broad category of components of the Service
Arms, Recommend-test.
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COMfONENT Pump
SPECIFICATION NO. 75M06597
VENDOR Deanison Diviaion, Abex Corp.
VENDOR P/N PV05-006-31R~062

FIND NUMBERS /CATEGORY G5309 (Hcu-1,-2)/B

FAILURE MODES

Inoperate - Loss of Hydraulic Pressure

Erratic - Possible Hydraulic Failure
ANALYSIS

This is a piston type variable-displacemnt, pressure compensated
pump capable of 9.5 gpm flow at 2750 psi. With no flow demand the
press is 3000 + 150 psi. The supply to the high pressure pump is
received from a boost pump at 30 psi. Ten micron (nominal) filtration
is used at the inlet to the high pressure pump and at the pump case
drain. A differential pressure gage is used on the filter, which
is at the high pressure inlet, to indicate when the filter is clogged
or dirty and requires replacement of the filter element.

The Dennison Division Technical Representative was contacted
and the following information was obtadined:

1. Use clean oil. Ten micron f£iltrdtion which is used on the
suction side of the-pump is completely adequate,

2. Change filters regularly.

3. Maximum level of contamination that the pump can stand without
excessive wear 1s NAS 1638 Class 9. The test stands used by
Dennison Division are required to meet NAS 1638 Class 8. The
table below was given as the level of contamination the pump
could stand and still function properly without excessive wear.
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Size Range (Micron) Numbey (Peyr 100 ml)
5=15 128,000
15-25 22,800
25250 4,080
50-100 720
100 + 128

The pump i8 not considered contamination sensitive as long
as the contamination level does not exceed NAS 1638 Class 9 and adequate
filtration is used., Evaluation of the failure history of this
pump shows that there were not any contamination problems,

ACTION

- G—

Recommend the pump (75M06597) not be considered for test.
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COMPONENT ANALYSIS
COMPONENT Check Valve
SPECIFICATION NO, 75M06604
JENDOR. Rapublic Mfg, Co,
VENDOR P/N 497-12Y~2
FIND NUMBERS/CATEGORY A5314(HCU-1, -2)/B
FAILURE MODES ~ Open = Motorize hydraulic pump in back~up

system ~ loss of hydraulic press
Closed - No effect

Leakage - Posgible hydraulic malfunction
ANALYSIS

This is a standard Republic poppet type check valve and is
used to prevent high pressure back flow into the HEU stage not
being used. The body is aluminum alloy and the poppet is stain-
less steel, type 440, The seating surfaces are metal to metal,
and the seals are Teflon and Buna-N, Leakage requirements are:
external - nomne, internal - 1 drop per 2 minutes. There have
not-been any failures reported on this valve.

ACTION

This check valve is ruggedly made for high shook, continuous
service in high velocity hydraulic systems. The check valve is

not considered contaminant sensitive and is not recommended for
test.
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COMPONENT ANALYSIS

COMPONENT Relief Valve (Hydraulic Check Valve)
SPECIFICATION NO, 75M06605

VENDOR Republic Mfg. Co.

VENDOR P/N _ 446-16Y-30 -

FIND NUMBERS /CATEGORY AS5308(HCU~1, -2)/B

EA; URE MODES Closed - Possible high boost pressure

Open - Loss of hydraulic pressure
Leakage = Possible hydraulic failure

ANALYSIS

This is a standard Republic poppet type check valve with a

‘ cracking pressure of 35 psi + 6. The excess fluid from the low
pressure boost pump is diverted through the relief valve and
back to the reservoir. The body is aluminum alloy and the poppet
is hardened stainless steel, type 440. The seating surfaces are
metal to metal and seals used are teflon. and Buna-~N. lLeakage
requirements are: external - none, internal - 1 drop in.2 minutes.
There are no reported failures on this relief valve.

ACTION

= This relief valve (check valve) is ruggedly made for high
| shock, continuous service in high velocity hydraulic systems.

, The relief valve is not considered contaminent sensitive and is
. not recommended for test,
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COMPONENT ANALYSIS

COMPONENT ~ Filter

SPECIFICATION NO.  75M06606 (Rev. C)
VENDOK Fluid Dynamics
VENDOR P/N 002922

FIND NUMBERS/CATEGORY  A5307(HCU-1, =2)/B.

FAILURE MODFS

Clogged - Loss of Hydraulic Supply
ANALYSIS

This filter is a Fluid Dynamics 10 micron. nominal T~type
filter with 304 SS element. The unit is cleaned to NASA
specification by an outside cleaning facility. The element
has 230 square inches of effective filter area with a specified
flow capacity of 20 GPM. A Fluid Dynamics rep—esentative
indicated that all units they supply are tested to verify
bubble point, full flow, proof pressure, and ’eakage require-
ments. He also indicated that the saite unit can be modified
with a finer or coarser micron. rated element, if required.

It was indicated that the only problems to date with the subject
filters were incorrect handling procedutes by some of the

outside cleaning facilities during cleaning operations. The
absolute rating of this unit is 25 micron and has a 1500 psi
differential collapse pressure. The Fluid Dynamics representative
also stated he has seen some of these elements complet:ly
collapsed without allowing any contaminants to escape into the
system,

ACTION 1) Recommend bubble psint test on element after cleaning,
Specification does not call out a bubbdle point test,
2) Invzstigate use of a finer micron rating element,
3) Investigate use of a AP indicator on the unit to
provide indication when the vlement requires
replacement.




B-16

¢
MCR-69-484
COMPONENT ANALYS IS
COMPONENT Filter
SPECIFICATION NO, 75M06607
VENDOR Matvel
VENDGR P/N M2449
FIND NUMBERS /CATEGORY A5304 (Hcu -1, -2)/B
FATLURE MODES "Clogged - Loss of hydraulic pressure
ANALYSIS

This filter is a 100 mesh (144 micron) sump type filter
with a flow capacity of 10 GPM and filter area of 100 square
inches. The material construction is .303 stainless steel with
a monel wire mesh screen. The suction from the 30 psi low .

pressure pump will .not collapse the filter. The filter is
recleanable.

The purpose of this filter is to protect the low pressure
boost pump from contamination and remove the large contaminant
particles which would clog the 10 micron filter just downstreain
from the low pressure boost pump.

The chances of the filter becoming clogged are very remote
bécause once the hydrauli: fluid hes been clesned by recirculation,
the contamination level in the reservoir should be low. Good
maintenance policy, such as changing the filter at regular in-
tervals and preventing contamination from entering theé reservoir
would help to insure the filter does not become clogged.

ACTION

The sump suction filter is considered adequate for the
system &nd is not considered contaminant sensitive.
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COMPONENT ANALYSIS

COMPONENT Relief Valve
SPECIFICATION NO, 75M06660
VEXNDOR Denison Division, Abex Corp.
VENDOR P/N RIV 12-845-56
FIND NUMBERS/CATEGORY A5316(HCU-1,-2)/B
FAILURE MODES Open - Loss of Hydraulic Pressure

Closed - No Effect
leakage - Possible Hydraulic Failure

ANALYSIS

Ths system relief valve is a variable pressure, spring’ loaded
poppet-seat type valve. It has a flow capacity greater than the
maximum flow of. the main stage high pressure pump. The relief
valve provides the system with a fluid unloading capability to
prevent over pressure. from the main stage pump during a malfunction
of the pressure comepnsator.

Seal Material - Buna-N
Lubricdation - Kel-F-90

Ledkage Allowed
External ~ None
Internal ~ 100 cc/minute

Flow Capacity -~ 30 gpm

The Denison Technical Representative said they had no con-
tamination problems with this valve and that it would operate
properly in industrial cleaned hydraulic systems. He felt this
valve was less sensitive to contamination than the mainstage
pump, which is designed to operate on fluid cleaned to NAS
1638 Class 9. Failure analysis has revealed no failures due to
contamination.

ACTION

This relief va've (75M06660) is not considered contamination
sensitive and is .no: recommended for test.
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COMPONENT ANALYS1S

COMPONENT  Snubber

SPECIFICATION NO. 75M06706
VENDOR _Operating & Maintenance Specialty Go.

VENDOR P/N  11316-2-1-F
FIND NUMBERS/CATEGORY  AS341(HCU-1, -2)/B

FAILURE MODES

Blocked ~ No System.Pressure Indication
Vented -~ Possible Erroneous Indication

ANALYSIS

Catalog information supplied on these specific snubbers..
stresses the point that these snubbers are designed to be
"self~cleaning" to the point of operating in systems with
dirt and pipe scale. The vendor states that the unit contains
no filters, porous metal discs, rubber or plastic parts to
replace or clean. The above specifications along-with the
use of these snubbers in low flow requirements systems indicate
these parts will not be considered as a contaminant sensitive
part in the system.

ACTION

Recommend the snubber not be considered_for test.

-




MCR-69-484
B-19

COMPONENT ANALYSIS -

COMPONENT Pressure Switch

SPECIFICATION NO. 75M07505

VENDOR  Custom Components Switch

VENDOR P/N  603G-C9-7S

FIND NUMBERS/CATEGORY  A5342(HCU-1, -2)/B

FAILURE MODES

Open - No System Pressure. Indication
Closed - Constant Indication

ANALYSIS
This switch is actuated by a Belleville disc spring.
The Belleville disc is the only portion of the unit contacted
by the fluid media and there are no other moving parts. There-
fore, this unit will not be considered as a contaminan: sensitive part
of the system.
ACTION

Recommend the pressure switch not be considered for test.




B=20

[ 2
MCR-69-484
COMPONENT ANALYSIS .
COMPONENT Cylinder, Pneumatic
SPECIFICATION NO, 75M07725
VENDOR Patkon Mfg. Co.
VEXDOR P/N C-11147
FIND NUMBERS/CATEGORY A5894(2)/B S
FAILURE MODES Stuck - No. tray withdrawal

Leakage - Possible withdrawal malfunction
ANALYSIS

The pneumatic withdrawal cylinder contains a cylinder body,
two heads, a piston, a rod, seals, two adjustable cushions, and a

wiper ring. The bore diameter is 2 inches, stroke 20 iniches and
rod diameter 1 inch.

This cylinder is similar to 75M06506-1 and reference is to
be made to that analysis.

ACTION

This cylinder is not recommended for test,
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COMPONENT ANALYSIS.
COMPONENT Cylinder, Pneumatic
SPECIFICATION NO, 75M07998 f
VENDOR Pathon Mfg. Co.
VENDOR P/N
FIND NUMBERS/CATEGORY =~ A5811(6-7)/A
FAILURE MODES Stuck -~ No tray withdrawal

leakage - Possible retraction malfunction

ANALYSIS

The pneumatic cylinder contains a cylinder body, piston,
rod, seals and two end heads. .

This cylinder is similar to 75M06506 and reference is to
be made to that analysis

ACTION

This cylinder is not recommended for test,
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COMPONENT ANALYSIS

COMPONENT Filter (10 Micron Nominal)

SPECIFICATION NO. 75M08053 (Rev. E)

VENDOR  Fluid Dynamics

VENDOR P/N FR1802

FIND NUMBERS/CATEGORY A5395(1-8)/B, A34747(9)/B
AILURE MODES

Clogged - Loss of 3000 psi Hydraulic Supply
A -4
ANALYSIS

This filter is a Fluid Dynamics 10 micron nominal filter
similar to 75M06606 (Item 10), the. only difference being operating
pressures, 3000 psi differential collapse pressure, 150 square
inches of effective filter area and. has 316 S8 housing rather
than .aluminum housing. The element is the same 304 SS wire
mesh with the same flow capacity of 20 GPM of hydraulic -oil.

ACTION

1) Recommend bubble point test when elements are cleaned.
2) Consider smaller micron rating element, .
3) Similar to 75M06606

D A e A
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COMPONENT ANALYSIS
COMPONENT Cylinder, Pneumatic
SPECIFICATION NO. 75M08231
VENDOR Pathon Mfg. Co.
VENDOR P/N
FIND_ NUMBERS/CATEGORY A5583(4-8)/A
FAILURE MUDES Stuck - No arm retraction

Leakage - Possible retract malfunction
ANALYSIS |
The hydraulic-pneumatic- cylinder contains a cylinder body,
piston, rod, seals, and two heads. The bore diameter is 7 inches,
stroke 52 inches, and rod diameter 3.25 inches.

This cylinder is similar to 75M06506~1 and reference is to
be made to that analysis.

ACTION

This cylinder is not recommended for test,
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COMPONENT ANALYSIS

COMPONENT Pressurce Switch

SPECIFICATION NO, 75MO8323 (-2, =3, -4)

VENDOR  Meletron Corp.

VENDOR P/N  372-95-252, 372-135-246, 372-215

FIND NUMBERS/CATEGORY A5432(1-9)/B, A5511(1-8)/B, A5533(4-8)/B,
A5691(4-7)/B, A5767(6)/B, A5795(7)/B,
A5852(4-8)/B, A5883(2)/B, A5908(2)/B,
A5944(1) /B, A5991(4)/B, A6033(4)/B,

A6072(8)/B, A61C4(8)/B, A6132(8)/B,
A6377(7)/B, A29741(6)/B

FAILURE MODES

Open - No Recharge Capability
Closed - Constant Recharge Attempt

ANALYSIS

This pressure switch is a bourdon tube actuated switch.
As the only portion of this unit that will be contacted by the
fluid media is the bourdon tube, there is no moving parts
within the unit to be contaminant sensitive and, therefore,
will not be considered as a contaminant sensitive part of the
system,

ACTION

Recommend the pressure switch not be considered for test,




MCR=69=484
B-25

COMPONENT ANALYSIS.
COMPONENT Check Valve

SPECIFICATION NO. 75M08325 (-1, -2, -3, =5, ~6)

VENDOR James Pond Clark

o rm——————

VENDOR P/N 279T1-4NN, -6NN, -8NN, ~12NN, -4W4W

FIND NUMBERS/CATEGORY A5461(1-8)/B, A5561(4-8)/B, A5687(4-7) /B,

A5710(6-7) /B, A5776(7) /A, A5823(4-6) /B,
A5888(2) /B, A5917(2) /B, A5953(1) /B,
A5978(4) /B, A6036(4) /A, A6045(4) /A,
A6082(8) /A, A6092(8) /B, A6143(8) /A,
A6387(7) /A, A6399(7) /B, A6419(7) /B,
A29606(7) /A, A29607(7) /A, A29875(4-6) /A,
A34802(9) /B.

FAILURE MODES Same as 75M05365 (Iter. 1)

ANALYSIS Same as 75M05365 (Item 1)

ACTION Recommend the check valve not be considered for test.
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COMPONENT ANALYSIS
COMPONENT Check Valve

SPECIFICATION NO. 795M08326 (-1, -2)

VENDOR James Pond ¢lark

VENDOR P/N 279 T1-4NV, ~6TB-1
FIND,NUMBERS/CATEGORY A5782(7) /A, A29745(6) /A

FAILURE MODES Same as 75M05365 (Item 1)

ANALYSIS Same as B75M05365 (Item 1)

ACTION Recommend the check valve not be considered for test.

ﬁ—v——j
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COMPONENT ANALYSIS

COMPONENT  Snubber

SPECIFICATION NO, 715M08409

VENDOR Operating & Maintenance-Specialty Co,

VENDOR P/N  11316-2-1~F and 75316=2~1-F

FIND NUMBERS/CATEGORY  A5431(1-8)/B, A5510(1-8)/B, A55324-8/B,
A5690(4~7)/B, A5763(7)/B, A5766(6)/B,
A5849(4-7)/B, A5881(2)/B, A5907(2)/B,
A5943(1)/B, A6031(4)/B, A6070(8)/B,
A6102(8)/B, A6131(8)/B, A6379(7)/B,
A29739(6) /B, A34693(9)/B, A34726(9)/B.

FAILURE MODES

Same as 75M06706
ANALYSIS

Same as 75M06706
ACTION

Recommefid the snubber kot be considered for the-test.

By
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COMPONENT ANALYSTIS

COMPONENT Metering Valvae

SPECIFICATION NO, 75M0OB414 (=2, -3)

VENDOR Robbins Aviation

VENDOR_P/N 8SRG-375A-6C~768, SS8KG=375A~8C~768

FIND NUMBERS /CATEGORY A3924(2)/B, A5957(1)/A, A5478(1-8)/A
A6251(9)/A

FAILURE MODES Plugged - Possible retraction malfunction

ANALYSTS

Metering valve is a Robbins catalog standard metering valve
described as follows:

Operating pressure vacuum to 6000 psi, safety factor 4:1,
Cv = 0,90, zero external and internal leakage, orifice diameter
0.312 in., body materisl 303 stainless steel, Buna-N seals,
approximately 6 turns to full open position. Robbins valves
have been widely used in industrial type applications, They
are not considered a8 & contaminant sensitive component for
this analysis providing it is opened sufficiently to allow— :
contaminants to pass through the valve. Open condition of the ‘
valve st time of this analysis has not been determined. Galling
problem of threads has been attributed to improper choice of materials
for bonnet and stem.

ACTION

This valve is always fully open or fully closed, and is not
recommended for test,
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SPECIFICATION NO,

JENDOR
VENNGR_P/N

FIND- NUMBERS/CATEGORY

FAILURE MODES

ANALYSIS
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COMPONENT ANALYSIS

Relief Valve (Hydraulic and Prieumatic)
75M0B415 (-1, -2, -3, ~5H, -10H)

Anderson Greenwead

28038 (-1, =2, =3, =54 etc,)

A5476(1-8) /A, A5486(1-8) /A, A5727(1-7)/B,
A5896(2) /B, A29693(3) /B, 29774(4-7) /B,
A34665(9) /A, A34680(9)/A, A34753(9)/B,
A34754(9)/B, A34797(9)/A

Open - No arm retraction

Closed - No effect
Leakage ~ Possible retraction malfunction

The relief valve consists of a stainless steel body (303s8),
teflon and buna-N seals and a Delrin- seat. There have been 19
reported failures on this valve and many of the faflures due to
a Rel«F geat which was changed to Delrin by ECP0070. One failure
was noted as being cauged by a contaminant impinging on the seat,

ACTION

The relief valve 1s not considered contswinant sensitive and
is not recommended for test.,
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COMPONENT.-ANALYS IS

COMPONENT Check Valye

SFECIFICATION NO, 75MO8617 (~3)
VENDOR James Pond Glark

VENBOR #/N 559&‘1-81)-4

F IND NI;MBERS /CATEGORY A5610(5-7) /B

FAILURE MODES Similar to Item 1 75M05365

ANALYSIS Valve design not considered to be contaminant. sensitive.
This item similar to 75M05365 (Item 1) and vendor representative
classed this design as non-contaminant sensitive same as.-the 200
series type check valves..

ACTION _Recommend the check valve not.be considered.for test.
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COMPONENT ANALYSIS

COMPONENT Accumulator
SPECTIFICATION NO. 75M08814 (-2)
VENDOR, Amarican Bosch Arma Corp,
YENDOR P/N EHS 41-414
ERS /CATEGORY ~ A5468(1-8)/A, A5654(4-7)/B
FAILURE MODES Stuck Piston - No hydraulic supply

Leakage - Possible hydraulic failure
ANALYS 18

The accumulator contains a piston, cyliuder, and two end
caps, one for GN, input and the other for hydraulic fluid input.
The GN, input fo¥ces the piston downward, exerting pressure against
the hyaraulic fluid. The piston moves up or down according to
the pressure relationship between the hydraulic £luid and GN,.
Attached to the accumulator, at the GN, end, is a level sgwitéh

which indicates the position of the pigton,wandmnhen to recharge
the hydraulic end.

Seal Material - Buna-N.pér MIL-P-25732 or equal

Lubrication-=-The Spec calls out Kel-£=90 grease or MIL-H~5606
hydraulic fluid. Atlantic Refining Co. #54 lubricant
will be used and the Spec changed.

Ledakage Allowed:
External - Bubble tight
Internal - 10 drops per. 15 minutes (hyd)
5 cc per minute-(GNz)

Clearances - 3 to 6 thousandths between piston and barrel
Finish = 10~14 micron-inch -RMS.

According to the American Bosch Afma Corp. Technical
Representative, their normal cleaning process was to mechanically
brueh the components using a soft bristled brush and flush using
a compatible solvent. They perform.the functional, leak, and proof
pressure test on all assémbled eccumulators. The accumulators which
are required to meet NASA cleaning specs are then sent to the cleaning
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vendor (ConTac or Wiley Lab) bafore heing installed in the

S8ervice Arm 8ystem. The accumulators ave disassembled and cleaned
according to specification contreal drawing cleanlineas requirements.
Then they are reassembled using new seals, leak checked and functionally
teated,

There have bean sevaral failures of accumulators after only a.
few cycles of. operation and it was apparently due to the cleaning
process -usod By the cleaning vendor.. The main fallures were due to
O-ring spiraling, bore surfaceé deterioration, and O-ring damage
upon installation, There wete several recommended changes to be
made to the Specification Control Drawings according to NABA internal
report number 5-6230~H~-614 Datad 17 September 1968,

It was the opinion of the Bosch Technical Representative that
the aceumulators were being "cleaned to death". Changing the cleaning
methods may well improve the ovezall system cleanliness and. reliability,
in addition to decreasing the accumulator failure rate.

An unsatisfactory condition report (KSC400720 dated 9-24-68) was
Jjust received and indicated an acecumulator had O-ring damage and
scored inner walls, which was evidently caused by an eccentric
loading frem the level switch to the piston. Also, upon replacement
of the soft goods on all of . the aceumulators- from .mobila launcher 1,
due to internal damage and leakage problems, an accumulator was found
that had approximately 90 percent of the plating gome from inside the
cylinder. and the.O=ring sealing surface wad scored.

Bue to the-above analysis the accumulator is not considered
contamination sensitive, Contamination generation may be a problem
unless the recommendations in report 5-6250-H-614 are approved and
solve the problem of cleaning the dccumulators.

ACTION

Although not considered to be contamination-sensitive,
failure history would indicate the need for test, This compo =
nent also represents a major category of components on the
Service Arms, Recommend this accumulator be considered for
test,

— o T— ™ W N R———..
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COMPONENT ANALYSIS

COMPONENT Backpressure Valve

SPECIFICATTON NO. 75M08819~1

VENDOR Riveft

VENDOR _P/N 2276A

EIND NUMBEPS /CATEGORY. AS502(1-8)/A, A 550°(1-8) /A, ASGBORCOY /A
'ALLURE ES Closed ~ Arm will not retract

Leakage =~ Poasible noft hydraulic system
ANALYSIS

The backpressure valve consists of two bodies mounted on a
subplate assembly., Each body contains an adjusting screw, spring,
spool, and a seat, The valve maintains a constant backpreasure
in the hydraulic return line.

Seal Material - Buna=N per MIL-P-25732
Lubrication - MIL-H-5606 Hydraulic Fluid or Kel-F-90 Grease

leakage - Internal - 5 cc/minute
External - None

Flow Capacity - 120 gpm at 60 spi pressure drop
Set Pressure - 81 + 5 psi

The only moving part in this valve is the spool, which moves
off the seat to allow fluid flow., The radial clearance between the
spool and valve body is .003 to .006 of an inch. Fallure due to
the spool sticking open or closed is considerad very unlikely,

Also failure due to leakage caused by contam:ination is unlikely
because the seat area is large and the seat is made of Buna-N,
which is a good, soft sealing material.

One failure was reported on this valve, which indicated internal
leakage was caused by deformation and contamination of the soft seat
sealing surfaces. This type of failure is not considered critical
to the system because the fluid lost would be replaced by the
backpressure system and a positive pressure maintained. Also, the
chances of this failure happening are rather remote.
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ACTION

This backpressure valve is not considered contaminatfon
seasitive and 18 not recommended for test,
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COMTONENT ANALY SIS
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FAYLIRY MODES - Open «  No Effeet
Clomed « No arm rotraction
heakape - Pogsible rvetraction mai finetlion

ANATA TS - e piiot operated valve 1o a (woeway ., twoeparit Loa valve
Wil 1 ovccranl Ty aperated by a hydranlte ptiot whtch openn or
Clestoe o e A mechanfeal detent locks i valve 1n efthor of
T e ens, The valve consists of My actuator asgembly
el e e e e ek whiicn operates a ball o oo,

I LBeoaeN popr MIL-P-25732
Tubrdeation ~ Kel F90 prease

Leakape allowed « External - none
Internal - none

Coifical Toreranvey -

Tooo0ddn, ardftee - which allows hyd fluld to actuate piston
at a contyolied rate.

2. .000 in hetween plston and bore of pilot valve.

3. Detent force of 35-40 1n-1b to hold valve in {tg lest enery 1 ued
poaltion,

_ 3
de  Maplacement per gtroke of piston 0,6 in

Phoctviae doce thelr own eleaning to MPSC Process [ob].
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The Flodyne Representative satld they had no contamination Prohd ems
wlhih this valve and that it would fuuet fon property i ().
woas confildecably dirtdier (han pPregent Spec vogqulrement s,

Synt e

Analysta of this component han fonne if o e contbdered pot Coge
Cawdnat Lon sensitive,  Bolow are vome reanonn

b dwose talerancen fnvolved

Yo CQlean deaten of the ball valve

3. Low volume of flow In the pflot operated portion of the vale .
Ao Tow contaminat Lon poenoraldon

e Recommendation of tho vendor

6, History of faflurcs

ACTION - Testing of this valve {8 deterwined to be not necessnry,
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COMPONENT Pllot Operated Valve
SPECIFICATION NO, "HM08821
NDOR riod ne Soptlols
VENDOR P/N 15G150

IND ERS /CATEGORY A5513(1-8)/A
FAILURE MODES

#1 or #2  Deenergized No Arm Retraction

#1 or #2  Energized Possible Semi Extension Malfunction

#1 or #2  Open Possible Extension Maifunction

#1 or #2 Closed No Arm Retraction

#1 or #2  leakage Possible Retract Malfunction -
ANALYSIS

The pilot operated valve is g two-way, two-position valve
wn'.h 18 externally operated by solenoids. A detent mechanism
locks the ball in the full open or closed position. The valve
congists of.solenoids, piston, rack and ball. The solenoid valves
consist of a poppet and seat assembly. When the solenoid is

energized the inlet is open to outlet and de-energized the inlet
is blocked and the outlet is vented,

Seal.-Material - Buna=-N per MIL-P-25732
Lubrication - Kel~F-90 Grease

Leakage Allowed
External - None
Internal - None

Cleaning - Flodyne does their own cleaning to MFSC~PROC-166D

Solenoid Valve Specs

Solenoid Pull - 25 1b

Spring Return - 8 1b
Solenoid Stroke - 0.005 in.
Orifice to Piston - 0,060 in.
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Piston to hore clearance 0,060 Lg.
Displacement per Stroke 0,6 in.

The Flodyne Technieal Representative. said they had no con-
tamination problem with this eomponat.. He sald the solenoid
valva portion of this component would be the most sensitive to
contamination, An inlet filter is. not used on the pneumatic.
solenoid valve used on this component., but. Elodyne does use inlet
filters on other solenoid valves .which they build,

This valve is the same as the hydraulic pilot operated valve
(P/N 15C160) except that this one hes two- dolenoids. The valve
1s considered not to be contamination sensitive except for the
solenoid portion. The flow through the solenoid in one eycla
1s very small and tends to reduce its contamination sensitivity.
Further study will be conducted to determine if the solenoid
portion should be considered for test.. :

ACTION

The solenoid is used in a low flow application. This valve is
not recommended for test,
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X COMPOMENT ANALYS I8
COMPONENT Pilot Operated Valve....
SPECIPICATION. NO, 75M08822(-1, -3)
VENDOR Kemp Aere Products.
VENDOR: B/N R 402016 (-1, -3)
FIND. NUMBERS /CATECORY  A5537(4=8) /A
FAILUKE MODES. Leakage - Possible premature retraction

Closed <« N¢ arm retraction
Open « No effect T

ANALYSIS

The valve. is a pilot operated valve supplied by Kemp
Industries. to meet the.75M08822 specification. The valve is
operated by two solénoid valves, one to open the valve and the
other to release the. locking fingers which hold.the valve and
allow it. to close by spring forces which allow.pilot pressure
to vent and the main. poppet to-clese. The valve is designed
for. operating pressure of 3000 psig gaseous' nitrogen.-with.a.
flow. factor of 2.0 SCFM/PSIA. The body material is 2024-T4.
aluminum alloy (snodized) and trim. materials also. are 2084-T%
alumidum. Elastomers are: Delvin or Buna-N.(both. shows. in Kemp
drawing). The valve has no failure history connected with. .
contaminant problems. The valveé will remain in its last
eriergized. position. with a power loss to both solenoids. This
valve.contains: no small orifices oz. exceptional tight tolerances
as it is all standard “O" ring design with Kel-F. 90 grease for
lubrication. The pilot vént is screened for protection from
external contaminants. Kémp representatives considexr. the valve
is not contaminant sensiti-e and would prefer to supply the
valve comiercially cleant..such that they could clean and. test
the valve i their own facility. Por this analysis, the valve
is: not considered to be contaminant sensitive and will not be
considered a candidate for teést.

ACTION

Recommend the wvalve not be considered for_test.
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COMPONENT. ANALYSIS.
COMBONENT 8elenolid -Valve
SPECIFICATION. Na, 75M08823
VENDOR: Marotta Valve Corp.,
VENDOR. B/N. 806097 =1 (510H~ 2A)

EIND NUMRFRS/CATEGORY AS5417(1-8)/B, A5420(1-8)./B, A5460(1-8)./B,.
A3560(4-8)/B, AS578(4-8)/A, A5650(4e8) /5,
A3707(6)./B, A5977(4) /B, A34814(9) /A,
A34822(9) /B

FAILURE MODES De-energized - No precharge, no. retraction,
system malfunction ..
Energized - System malfunction.

Leakage ~ Possible system malfunction
ANALYSIS

This valve is a Marotta solencid valve, 2-way, 2 pos ition,
normally closed, with.1/2 inch. male: fittings, The valve is
designed for. 3000 psi gaseous. nitrogen. or hydraulic- fluid operating
pressure with a 0.20 inch ESEGD. (Cp.= 0. 6)... Response time is 75.
milli-seconds maxiwmum,. Materials. in.the valve._are 300..series.
stainless steel, nylon. seat, and.Buna-N.seals, and Kel-F grease ..
for lubriéation.. The- operation.of the valve fs very similar to
the- 75M08825 except it is a tworway valve.and. is 1/2 inch tube
size rather than 1/4 inch tube size. Therefore, this. valve is
also considered. not to be contaminant sensitive but will be- given
further consideration as a -test candidate. This valve is similar

to valve used by Martin in gaseous nitrogen system cleaned to
EPS50405 